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CHAPTER 1 

INTRODUCTION 

/ Field independ e nc e was d escribed by Witkin e t al 

(1962) a s the ability to separate a n item p erc eived from 

its context. Her e most experime nts hav e us ed visually 

prese nt e d material where the subject was shown a simple 

geometrical figur e a nd the n a complex one containing the 

simple figur e as part of it: the sub j ect 's t a sk was to 

find and point out where the simple figure was hidd en. 

Recent work has suggested that the skills invol­

v e d in Witkin's t e sts might b e as sociated with particular 

cultural b ackgrounds. This e xt e nsion of I-litkin's theory 

of field independence by Wober linked visual phenome na with 

thosc of a socia l and maturational nature: the ability to 

s eparat e visual items from their context was shown to be 

aligned with the development of a sense of p ersonal identi­

ty ; the person was considered to be a n it em s e t in a con­

t ext or social fi e ld, be it family or socie ty around him: 

an individua l, d 8pending on the wa y he was socialized a s 

a child, may perc e ive the world analytically, if h e did 

he was l abelled fi e ld indepe ndent , if not he was fi e l d de­

pendent , 

In/ ... 
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In this way the theory became one of psychological differ­

entiation. Thus, one who was able to see an embedded item 

was l abelled fi eld independent. 

Lately field independence has been ~ssociated with 

seeing objects against a complex background in motoring 

where field dependent people demonstrated difficulty in 

spotting objects on the road while driving. However, 

because in motoring target objects appear irregularly a t 

unknown intervals, sometimes infrequently, the motorist 

has t o be constantly watchful and often for protracted 

time periods. Such a situation can be describe d as a 

vigilance task with all the ingredients being present for 

a decline in performance efficiency over time. Wh ether 

such a decline is related to field dependency or not has 

not been shown. 

This study therefore has investigated performance 

decline over time on an embedded figures test • 

In a broader context of motoring and road safety 

the measures developed in this studv could prove to be us e ­

ful indices of driver performance. 

3. 
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CHAPTER 11 

HISTORY , DESCRIPTION, PURPOSE OF THE EMBEDDED FIGURES 

TEST AND FACTORS 

~FFECTING PERFORMANC E ON AN EMBEDDED 

FIGURES TEST 

The resurgence of interest in cog nitiv e function­

ing has result ed in a quick increase in res earch on fi eld 

articul atio n (Long, 19 62 ). Gardner and Long (1960) cited 

by Long (1962) pointed out tha t cognitive control princi­

pl e s influenc e d individual differences in l earning a nd re­

membering under certa in conditions; fi e ld articula tio n is 

one of these principles and \Olas defined by Gardner and 

Long a s the "capacity to articulate, or differentiate, 

compl ex stimulus fi eld s". Gardner and Long found tha t 

the articula tion of complex external stimulus fi e lds may 

be accomp lished in situations such as Witkin's (1 954. ) 

I Emb edded Figures Te st (EFT) and Rod and Frame Test by 

directing the subject's attention to the re l evant stimuli 

in the fielrl. 1-7hile at the same t i.'lle i nhib iting his 

attention to distract i nf, or i=e 1e\,ant stinuli. (Long, 1962) 

5. 



Gardner, Holzman, Klein, Linton, and Spence (1959) were 

cited by Gardner and Long (1961, p. 305) as having 

... suggested that the commonality_ 
linking responses to these [above J 
superficially different. tests was _ 
the requirement that S Ithe subj ect I 
attend selectivily to r-elevant vs -
irrelevant cues. 

Witkin (1950) pointed to the conceptual and perceptual 

approaches to solving problems in the EFT; the latter 

approach resembled adherence to the pattern of the complex 

figure itself which was accompanied by poor scoring rather 

than forming hypotheses as in the former cognitive approach 

which was associated with high scoring. Baggeley (1955) 

had arrived at a similar conclusion to Gardner et al's 

(1959) in order to explain the process involved in Thurstone's 

Concealed Figures Test (1944) where the subject was re-

quired to discover a familiar ohject or figure hidden in a 

complex scene (Witkin, Dyk, Faterson, Goodenough, and 

Karp, 1962) . Pe said that the capacity to find these 

hidden figures involved "concentration on one aspect of a 

complex stimUlUS situation." The concept of selective 

attention has, according to Long (1962), been employed to 

account for the observed individual consistencies in coping 

with the interference or distraction present in the various 

tasks used. \~itkin, Dyk, Faterson, Goodenough and Karp 

(1962) suggested that the EFT probably involved an "attention 

concentration factor" and that a high EFT time might in fact 

reflect an attention difficulty rather than the preferred 

mode of field approach. 

6 • 



Embedded figures tests have been largely based 
J 

on Gottschaldt's (1926) study of the role of past experi-

ence in perception (Witkin, Dyk, Faterson, Goodenough and 

Karp, 1962). The purpose of his study was to demons trate 

the importance of contextual factors in perception (Witkin, 

1950), that is, the subject had to locate the simple figure 

previously seen within a complex figure; the simple figure 

was incorporated within the larger complex figure such 

that it was perceptually obscured (Jackson, 1956). The 

structure of the complex figure determined how easy or 

difficult it was to locate the simple figure (Witkin, 

1 950 ) . Gottschaldt's (1926) finding, later confirmed by 

Witkin (1950), showed that patterns of a given structure 

were more effective than patterns of another in concealing 

the figures they contained. Howev er, the structure of 

the field alone could not fully explain this as personality 

factors were important, said Witkin(ibid) ,who cited self -

consistency and field dependency and independency as ex -

amples. 

According to ,Jackson, Messick, and Myers (1964) 

field independcnce was defined by performance on 3 tasks de-

fined as 

... individually - administered laboratory 
spatial oriel)tation procedures, each 
requirinf1: S LsubjectJ to adjust an 
object (in certain instances his QHn 
body) to the upright in the face of 
conflicting information from visual 
and proprioceptive modalit ie s. 
(Jackson, Messick, and Myers, 1964, 
p. 178.) 

According/ .•. 

7 . 



According to the se writers it was only l a t er discovered that 

performance on a printed individually administered embedded 

figur e s t e st, composed of Gottschaldt's (1926) figures 

with colours added to raise the difficulty, corr e lated 

highly e nough with measures of laboratory orientation to 

indicate using it as a measure of fi eld indepe ndence 

(Witkin, 1950). An extensive study of perception -
.... 

personality relations by v!itkin, Lewis, Hcrzman, Machover, 

Meissner, and Wapner (1954) pr ov ided furth er proof tha t 

the EFT correlated significantly with measures of orienta­

tion to the upright,as well as with a l arge number of per-

sonali ty traits. The EFT requires the subject to separate 

an i t em from the field within which it is incorporated but, 

unlike orientation procedures, it involves neither the body 

position nor orientation towards the upright and can be a 

perceptual or tactile task (Witkin, Dyk, Fa terson, Goodenough, 

and Karp, 1962). Jackson (1956), in describing a shortened 

individua l form of Witkin's EFT, suggested that Witkin's 

tests would most likely be used in the future to t e st for 

fi e ld-depe nde nc e, as only a sma ll inve stment in appar a tus and 

materials was r equired as compared with the orientation pro-

cedures. Jackson, Mess i ck and Myers (1 96 4) stated tha t 

this in fact had happ ened . Witkin, Dyk, Faterson, Good-

enough, and Karp (19 62 ) considered the EFT as one of a 

standard battery to t est fi e ld dependence central to which 

dimension was the ability to over come an embedding context. 

8. 



Hence the relationship between field dependency and em­

bedded figures tests. 

There are a number of different embedded figures 

tests which use different methods and techniques. One 

type presented key figures one at a time, another placed 

several before the subject at once, in the third type the 

subject was required to search for the key figure in every item. 

The key figure may be kept before the subject during the 

search or he might have to remember the key figure while 

examining the complex figure. (Cronbach, 1961). Similar 

tests to Witkin's EFT are the Hidden Figures test which 

is an adaptation of Thurstone's Gottschaldt test , and the 

Hidden-Digits test (Witkin, Dyk, Faterson, Goodenough, and 

Karp, 1962). These writers also cited the Children's Em­

bedded Figures test (CHEF) which was developed to provide 

an EFT-type situation suitable for use on young children: 

it was attempted to make this test intrinsically interest­

ing to children, to avoid sustained attention as a necessary 

requirement, to reduce the frustration following failure, 

and to ensure that the task would be clearly understood. 

In Witkin's (1950) individual EFT thc task of 

the subject was to find a particular simple figure within a 

larger and more complex figure or embedding context con­

sisting of more complicated geometric designs and distract­

ing lines (Messick and Fitzby, 1963). 

9. 



The simple figure was hidden in the larger complex figure 

by being incorporated into its patterns. That is, the out­

line of the simple figure may form the boundaries of several 

subpatterns in the complex figure. (Witkin, Dyk, Faterson, 

Goodenough, and Karp, 1962). The figures in this test 

were selected from the figures developed by Gottschaldt 

(1926) to study the role of past -exper ience in perception. 

Preliminary experiments had shown that it was impossible 

to obtain a large enough number of difficult figures from 

Gottschaldt's black and white outline complex figures or to 

make up such figures by using his principles of patterning. 

It thus became necessary to develop added methods of ob-

scuring the simple figures and it was found that colouring 

the complex figures, which tended to reinforce a glven 

pattern and its subpatterns, was effective (Witkin, 1950). 

The standard Witkin EFT administered to both men 

and women uses a series of 8 simple figures accompanied by 

24 complex figures; within each of these complex figures 

a simple figure must be located (Witkin, Dyk, Faterson, 

Goodenough, and Karp, 1962.) Fig. 1 shows Witkin's illu-

strations of these where 

The simple figures are designated by 
a letter; the complex figures are 
designated by a letter and a number, 
the letter corresponding to that of 
the simple figure which it contains. 
Figures P and P-l are the practice 
figures. 

The specific colours used in each 
complex figure are represented by 
numbers ; and wherever necessary the 

10. 



area covered by a given color is in­
dicated by wavy lines radiating from 
the number. Figure A-2 remained un­
coloured. The colours to which the 
numbers refer are a s follows: 1 - red, 
2 - blue, 3 - orange, 4 - yellow, 
5 - brown, 6 - dark green, 7 - light 
green, 8 - black. ( Witkin, 1950, p.3.) 

The figures were graded in difficulty and there was a large 

enough variety so that one figure was not encountered too 

many times thereby reducing the effect of practice. Each 

subject was given a practice trial. The subject was re-

quired to work quickly and the task was therefore a timed 

one (Witkin, 1950). The procedure required that a randomly 

selected complex pattern be presented as the first figure 

and for IS-seconds followed by a presentation of the simple 

figure for 10-seconds when the complex figure was removed. 

The simple figure was then replaced by the same complex 

pattern and the subject's task was to locate trat particu-

lar figure within it. A maximum of 5-minutes was allowed 

per trial to locate the simple figure. The subject was 

permitted to re-examine the simple figure but was dis-

couraged from taking more than lO-seconds for each re-

examination. (Witkin, Dyk, Faterson, Goodenough, and Karp, 

1962) . 

The subject's score was the time taken to locate 

the simple figure excluding time of re-examination of the 

simple figure. Failure to locate the figure was scored as 

5 - minutes (F). 

The simple figure requiring location was never the 

same on any 2 successive trials and the complex and simple 

11. 



FIGURE 1 - WITKIN'S EMBEDDED FIGURES TEST 
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FIGURE 1 WITKIN'S EMBEDDED FIGURES TEST 
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figures were never pr~sented together. The presentation 

of the complex figur J before the simple figure and presQnt­

ing a different fig1>re on each trial was intended by 

Witkin to impress ~. he total complex pattern upon the sub­

ject and to discot.rage searching for a specific simple 

figure . In a preliminary study where the simple figure 

was presented fi('st ,Witkin had found that the subjects con-

centrated their attention on a portion of each complex 

figure, disregarding the over-all pattern of each. This 

attitude was helped by the simple figure usually being 10-

cated in part or in whole, near the centre of the complex 

figure. The repeated search for the same simple figure on 

successive trials also induced a specific "set" towards that 

figure. According to Witkin the procedure used here in-

creased attention to the overall complex pattern and so 

served to increase the task's difficulty. 

The details of the procedure (Witkin, 1950) which 

have been adapted for the present study are as follows . At 

the beginning of the EFT vlitkin gave the subject the 

following instructions: 

I am going to show you a series of 
coloured designs. Each time I show 
you one of these designs, I want you to 
describe the over-all pattern that you 
see in it. After you examine each 
design, I will show you a simpler figure, 
which is contained in that larger design. 
You will then be given the larger design 
again, and your job will be to locate the 
smaller figure in it. Let us go through 
one to show you how it is done. (Witkin, 
1950, p. 6 . ) 

15. 



The subject was then shown the practice complex figure 

(P-l) for IS-seconds, it was removed and the practice 

simple figure (P) was then shown for 10-seconds . On its 

removal the complex figure was again presented with instruc-

tions to find the simple figure in it. The subject was 

timed and his score was the time taken to find the simple 

figure. When the subject reported finding the figure, 

he had to trace it for the experimentor (E) who had to be 

sure it was the correct one. 

After this practice trial, the subject was given 

further instructions. 

This is how you will proceed on all 
trials. I would like to add that in 
every case the smaller figure will be 
present in the larger design. It will 
always be in the upright position. 
There may be several of the smaller fig­
ures in the same large design, but yeu 
are to look only for the one in the 
upright position . Work as quickly 
as you possibly can, since I will be 
timing you; but be sure that the fig­
ure you find is exactly the same as 
the original figure both in size and 
in proportions . As soon as you have 
found the figure, tell me at once. 
If you ever forget what the small 
figure looks like, you may ask to see 
it again. Are there any questions? 
(Witkin, 1950, p. 7.) 

This procedure was used on the 2~ test trials. Subjects, 

although not allowed to, often attempted tracing movements 

with their hands and had to be stopped (Witkin, 1950). 

Witkin remarked further that subjects often experienced 

"blocking" of the simple figure by the conflicting complex 

pattern and some subjects required more than l!-hours to ex­

tract the simple figures from the 2~ complex figures. 

16. 



The score for each item was the time needed to locate and 

trace the simple figure in the complex pattern (Jackson, 

Messick, and Myers, 1964). If not correct, the subject 

continued searching till correct and the time employed in 

tracing the incorrect figure was included in the final 

score while the time taken in referring back to the simple 

figure was excluded (Witkin, 1950). The subject's score 

was the mean amount of time required to locate and trace 

all the simple figures within the appropriate complex ones: 

this provided a measure of the extent the subject's per-

ception was influenced by the context in which the item was 

embedded; the raw score was converted to a standard score 

with positive standard scores "reflecting relatively field­

dependent and negative standard scores relatively field-

independent performance" (Witkin, Dyk, Fater son, Goodenough, 

and Karp, 1962). [?ee Appendix 1 for detailed results of 
. ~ 

Witkin's EFT as quoted from Witkin (1950). i 
Jackson (1956) conducted an item anylysis of the 

EFT and suggested using a 12 instead of 24-item-test with a 

3-minute time limit instead of a 5-minute one. He re-

ported high reliability correlations between the standard and 

the full length EFT for several groups of Ss. Witkin, 

Dyk, Faterson, Goodenough, and Karp (1962) have reviewed 

later studies of reliability of the short test as compared 

to the longer and have confirmed high reliability. 

Variables influencing performance on embedded 

figures tests are motivation,brain damage, genetic and e.n-

17 , 



vironmental factors, alcohol, age, inter and intra - sex 

differences, and practice. 

Motivation is an important variable of performance 

in the EFT where the subject is told that an ability is 

being measured and this provides him with a "culturally 

defined ideal of behaviour"; the subject now understands that 

a high score is desireable and he understands how such a 

score can be attained (Cronbach, 1961). It must be 

remembered that motivation is not standard for every in­

dividual and a performance test of personality like the EFT 

must a ttempt t o keep motivation standard f or the subjects 

to the same degree as it is kept standard for tests of 

mental ability (Cronbach, 1961) . 

Barrett and Thornton (1968) found that brain damage, 

genetic, and enviromental fact ors could decrease the 

ability to pull an embedded item fr om its context. Fe had 

subjected 20 drivers to a controlled emergency situation 

in an unprogrammed automobile simulator where a pedestria n 

(a dummy) emerged from a shed into the path of the vehicle. 

Karp, Silberman and Winters (1969) found fi e ld dependence 

and relat ed cognitive a bilities not to differ with socio­

economic status when they administered 6 subtests of the 

Wechsler Intelligence Scale f or Children (3 verbal and 3 

performance tests) accompanied by a measure of s ophistica­

tion -of-body concept to middle and lower class boys; 

2 adult male groups (midd le and lower class) were given the 

EFT. 

18 . 



Witkin, Dyk, Faterson, Goodenough and Karp (1962) 

and Barrett and Thornton (1968) found that with alcohol in­

gestion the performance on an embedded figures test was 

impaired. Consequently, Witkin et al suggested that while 

under the influence of alcohol a driver would experience 

greater difficulty in extracting an emerging vehicle, pedes­

trian, and the like from a complex field. 

It has been reported (Basowitz and Kerchin, 1957; 

Crook, Alexander, Anderson, Coules, Hanson and Jeffries, 

1958) that senescents performed more poorly than young 

adults on versions of the Gottschaldt (1926) task: the 

question could be asked whether this poorer performance was 

modality specific or whether it perhaps involved a generalized 

difficulty in ignoring extraneous perceptual information 

(Axelrod and Cohen, 1961). Axelrod and Cohen compared the 

performance of young adults and senescent adults on visual 

and tactile hidden fi gures tests; the elderly group performed 

significantly poorer on both tasks. Performance o n an em-

bedded figures test is thus influenced by age which also influenceE 

driving ability. There should consequently be a relation 

between field dependency, age, and driving ability. This 

has been demonstrated by the following results. Witkin 

(1962) found that field-independent persons responded b e tter 

to driving situations as they tended to think more analytically 

and critically while field-dependent persons tended to be-

come confused, disorganized and inadequate (Barrett and 

Thornton, 1968): 
Goldstein/ ... 
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Goldst ein ( 1961 ) had shown that drivers younger than 25 years 

of age and drivers o l d er than 65 years of age have a dis­

pr oportionatelyhigh accident rate (Barrett and Thornton, 

1 968) and i t has also been shown, s a i d Barrett and Thornton 

that perceptual style could be a function of age: Witkin 

et al (1962) found that fi e ld independence increased with 

age among individuals with an asymptote around 21 years 

of age and said that children had been found t o be mor e 

perceptual,in contrast t o c oncep tual, than adults in their 

approach a nd that on the EFT they hav e extreme difficulty. 

Because dr iv ers of 16 t o 21 years of age are fairly fi e ld 

dependent mi ght be one reason for their higher a~cident rate 

was a sugge stion by Barrett and Thornton (1968) . They said 

that th e younger g r oup did have faster reactio n times ~ but that this 

was cancelled out to a certain extent by the real-world 

situation invo lving a c omplex perc eptual element r equiring 

t he intruding object to b e recognised first before a ny a c-

tion could be take n. Similarly, Barrett and Thorntcn also 

cited Schwartz and Karp (19 67 ) who had f ound o lder ind i-

viduals t o be field depende nt. 

Witkin e t al (1 96 2) found women tc b e more i n­

fluenced by v isual structure and t o requir e more tim e tha n 

~en in the extraction of a n i tem fr om the visual structure 

of which it is a part; they found the range of scores for 

,/Orlen t o be greater than men who r emai ned self -co nsistent 

in their timcs scores through out the trials o n the EFT wh i le 

··omen sh.owed s light l y 1 0loJ8r correlations t han men indicati n g 

gr eater variability from trial to trial. 

Wome n/ . .. 
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Homen as a group had thus been shown to be more field de­

pendent than men which l ed to the prediction that they would 

be less effective than men when presented with an emergency 

situation in driving: Uhr (1959) had found women to be more 

likely than men to cut across the path of a motor scooter 

from a stop street due' possibly to their inability t o per­

ceptually extract the small scooter from the background as 

quickly as men (Barrett and Thornton, 1968). Bieri, 

Bradburn, and Galinsky (1958), like Witkin et al (1962), 

found males to be superior on tests of spatial relations: 

in men, preference for complexity in drawings on the Art 

Scale related significantly to better EFT performance; in 

women the tendency to perceive others in a more external 

and field dependent way was related significantly to poorer 

EFT performance, the same was found for men when only ex­

treme scores on the EFT were used. They concluded that the 

observed sex differences in EFT performance stemmed from 

men's tendency to combine more effectively mathematical 

aptitude and a conceptual approach to stimuli. Similarly, 

men have been found to be generally more adept than women 

on field articulation criterion tests (Witkin, et al,1954 ) ~ 

Goldstein and Chance (1965), using an extended series of 68 

embedded figures to test men and women, found that the ini­

tial significant sex-related mean difference in reaction 

times was reduced to practically zero by the final trials. 

In contrast to the large amount of data indicating a 

faster and more accurate EFT performance among males, 
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Jackson, Messick and Meyers (1964) did not find significant 

sex differences in their sample for any of the embedded 

figure tests, not even for the Witkin items individually 

administered. This finding may have been attributable to 

the more stringent selection standards maintained for 

females as compared with male applicants at the university 

from which they drew their sample given the known positive 

correlations between intellectual ability and embedded 

figures test performance (Thurstone, 1944; Witkin, Lewis, 

Hertzman, Machover, Meissner, and vlapner, 1954; Jackson 

and Messick, 1960; Goodenough and Karp, 1961; Witkin, Dyk, 

Faterson, Goodenough and Karp, 1962; Messick and Fritzby, 

1963) which they used as their selection criteria. By 

way of summary, the degree of ease in perceiving a part 

within a larger visual structure was a "persistent charac­

teristic of each individual and ..• people differ markedly 

both inter and intra sexes" with women showing a wider 

range than men (Witkin, 1950); there was agreement within 

and between sexes regarding improvement of performance with 

practice (Goldstein and Chance, 1965). 

Driving a car is a vigilance task in that the 

driver must constantly be alert for perceptual cues and 

attend to those perceived; he must also adjust his operation 

of the vehicle accordingly. Visual signals arriving are 

from an embedding context and the ability to perceive cm­

bedded figures has been shown to influence driving ability, 

thus the relation in the present discussion between embedded 

figures, vigilance, and driving a vehicle. 

j.1hat/ .. . 
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II1hat rr:us-c thus be investi gated is whether performanc e in 

embedded figures contexts suffers decrement over uninterrup­

-ted a nd extended ti..Tlle periods in a typ ical vigilance task 

involving sustained attention . If this decrement is 

found it could be possible t o utilize the result s fr om 

embedded fi gures tests appl i ed in vigilanc e situations as 

indices t o measure a nd combat the decrement i n visual 

attention efficiency during driving. This study attempted 

t o provide performance data t o cover this appar ently 

little charted area with the hypothes is that some decre­

ment in performance efficiency would occur on an embedded 

figures test applied in a vi g ilance situation over a n 

extended time period , both f or fi e l d dependent a nd inde­

pendent subjects. 
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CHAPTER III 

VIGILANCE ArID THE FACTORS 

AFF :::CT I!'G PLRFOR~'!ANCE 

"1ach7crth, N. H. (1950) and others have used the 

term "visilancc" t o describe tasks tha t requircd the S's 

sustained observation and res~onse to a s~oradically pre -

sented stimulus over extended time periods . This t erm also 

concerned the subject's attentiveness accordin[ to Frankmann 

and Adams (1962). Mackworth, N.H. (1956) defined vio:ilance 

as 

... a state of readiness te detect and 
respond to certain specified small 
changes, occurring at randem time in­
tervals, in the internal environment. 
It is a Drecess, "hich, unlike i'.ttcn·­
tien, need not necessarily be C(lD-

sciousl y exnerienced. (l'!ackw)rth, N . H • 
1956, ]).1375,) 

Jerison Clnd Pickett (1963) saw vif\ilance as 

... a human factors area ... concerned 
with the f,'\ct that man is much less 
capable as a detector of signals un­
der operational conditions than HQuld 
be indicated by l aboratory measures 
of his sensory thresholos . (Jerisen 
and Pickctt, 1963, n.211J 

The main difficulty in aDplyinr: laboratory results to field 

situations, as seen by Jerison and Pickett (1963), s eemed 

to/ ... 
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to be in the inadequate com~arability of fielct and labora-

tory situations re~ardinv the costs and values of observing 

and the probabi lity of occurrence of the sig nals. Human 

f actors s l'ecialists have limited the term "vigilance" 

t o tasks requirin~ the detection of wec~ and relatively 

rare sip;nals. Here vip:ilance is manifested by the pro-

babili ty of detectinr; sirmals (Jeriscn and Pickett, 1963) 

and where immediate reSDonse for a pr o l o nr;ed period is 

required (Colquhoun, 1957). Perceptual vi vila nce o r a tten-

tiveness was, accordin,g t o Buck (1966), a 

... hypothetical construct inferred 
fr om' the observation tha t monitoring 
perform a nce det eriorates und er nr o ­
lonr;ed monotonous conditions o ther 
factor s remaininC[ constant. ( Buck, 
1966, 1" 291.,) --

Buck went on to say : 

The results of vi<"ilance experi ­
ments nre normally interpreted on 
the assumrtion that the subjects 
ar e endeavourinr to com~ly with the 
instructio n t o dctect every s i ~na l 
and t o respond to it as quickly a s 
possiblc ... (Buck, 1966, n.291,) 

Vigilance t asks must not bc confused with c l assica l 

reaction time or trackinr, tasks. A performance index often 

used to detect monit orinf' nerformance is the time elap ... 

sing between t he presentation of the sir;nal and the sub-

ject's responsc. This index commonly includes the time 

t aken t o search thc displ ay, t o detect the occurrence of a 

critical sipnal, the time involved in evaluatin~ the event, 

chosin~ and makinp, the response and, as such, ac cordin~ to 
-, ' 

Huckl .. . 
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Buck (1966), " . it (liffers from reaction time as it has 

been defined and studied in classica l reacti0n time ex-

per imcnts f! • Becausc of this 

... these time intervals are gencrallv 
lonr,er than those reported for Classi­
cal reaction time e xperime nts ,and some 
experimenters have pr e f erred to desi r.-
nate them detection latencies . (Buck, 
1966, ;:>.2 9b) 

Vigilancc tasks differ from tracking tasks in that very little 

or no learninR: t a kes place in a vi r:ilance task (MachlOrth,J.F. , 

1964) . Mackworth sup:l"'ested that the 1ecrement found in 

vi~ilance tasks also occurred in the more activc tasks but as 

a rule was masked by learning. Adams, Humes and Stenson 

(1962) summed up by saying~ 

Res~onse requirements in a vigi­
lance task are usually simple and high 
in the subject's r e sponse hierarchy. 
Conceivably little or no learninr, 
occurs, and all that is n eeded is suffi­
cient stimUlation after each reSDonse 
to keep performance level hi gh. '(Adams, 
Humes, and Stenson, 1962, p .14~) 

McGrath (1963) in Buckner and McGrath (1q63) de-

scribed a vip:ilance task as folloHs : 

1. The task will require the ob­
server to perceive and report a change 
(a "signal") in his operatinr; environ­
ment. 

2. The response behaviour of the ob­
server should have no e ffect u~on th e 
ryrobability of signal occurr enc e . 

3. Th c sil"'nal t o be detected may be 
either a discrcte stimulus added to or 
taken away from the environment or a 
change in a continuously or intermittent­
ly presented stimulus. 

4/ ... 
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4. Any type of stimulus may be used 
as a signal provided it is pcrceivable 
by the observer when he is a l erted or 
directeri to it. 

5. The sipnal to be detected must be 
specified for the observer. 

6. I'Then the si p:nal is A, stimulus not 
requirin~ an or ientation response, the 
intensity of the sivnal stimulus shoul '~ 
be close to the observer's detection 
threshold. The greater the intensity 
of the si'Onal beyrmd the observer's 
threshold, the less relev a nce the task 
has for the study of vip,ilancc 
perf ormance . 

7. Signals should occur infrequently. 
As the rate of si~nal occurrence 
approaches the ma~imum respondin g rate 
of the subject, the less relevance the 
task has for the study of vigilancc 
performance. 

8. The ratio of nonsirnal stimuli to 
si~nal stimuli shoulri be hip,h. The 
closer this ratio is ~o 1 : 1, the 
less relevance the t ask has for thc 
study of vigilance performance . 

9. The temDoral order of sirnal oc­
currence sh~uld be irregUlar'; As the 
temporal order of si ~nal occurrence 
approaches absolute regularity, the 
task becomes less relevant to the study 
of vigilance performance. 

10. The task should be pr o longed and 
continuous. The brie fer the work per­
iod, the less relevance the task has 
for the study of vigilance performance. 
(McGrAth, 1963 in Buckner and McGrath, 
1963, p.231-32,) 

Fraser (1953), cited by ~'Iack\vor th , N.H. (1956), li s t ed 

the followin,p: similar but not as extensive conrii tions for a 

v i f ilanc e task: 

1.Sig nificant/ ... 
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1. Sif,nificant sif,nals had to be randomly dispersed 

amonf, neutral sirnals which were to be disregarded. 

2. There had to be stress conditions (load, speed, dura-

tion, etc.)' 

3. There had to be minimal knowledgc of results. 

Bakan (1963), in Buckner and McGrath (1963), said 

that a subject 

can determine for himself "hethcr 
to attend or not attend to the rele­
vant display at any time during the 
vigil; he can dctermine the intcnsity 
or the continuity of attention; he can 
attend to irrelevant internal stimuli 
such as his thoughts, day dreams, fanta­
sies, or stomach contractions; or he 
can go to sleep. (Bakan, 1963, in 
fuckner and :'lcGrath, 1963, p. 88.) 

In view of this freedom which a subject has in a vigilance task, 

as well as the "complex of subjective factors" related to 

such a task, Bakan was not surprised that wide differences 

in performance were characteristic findings in any study of 

vigilancc which hi~hli~hted the consideration and explana-

tion of the follmJi.np; 2 facts of vigila nce be r.aviour, namely : 

1. The overall level of vi~ilance, 

2. The performance decrement occurring usually as a function 

of the length of time on the watch. 

Theories of vi~ilance can be discussed under the 

follmvinp; headinp.;s : Habj.tuation Theory , Inhibition Theory, 

Activation Theory, Filter Theory, Arousal Theory, Expectancy 

Theory, and Observin~ Response Theory, The present study 

however did not demand a choice betl.Jeen thcories or a de-

tailed consideration of them. 
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FACTORS AFFECTING PERFORMANCE 

The follm.;ring factor s have been considered to affect 

vigilance performance: Signal regularity, frequency and rate, 

knowledge of results, time on the watch, time of day, temper­

ature, interpolated rest, presence of the experimenter, indi­

vidual differences , intelligence, sex differences, age, and 

extraneous sounds. Followin~ this an overview of summaries 

of all these effects is given in context of the present study 

on page 72. 

SIGNAL REGULAR ITY, FREQUENCY, AND RATE 

According to Mackworth, N.H. (1956), the regularity 

with which si~nals are presented affects performance ce­

pending on whet her the signals to be detected, or the um,cmtcd 

signals , are regular. Regu larity in the former assists per-

formance and in the latter hinders it. Baker (1959c) found 

no decrement in performance if the stimulus events searched for 

were fairly regularly sp2ced in time. Baker (1963) in Bu c kner 

and ~lcGrath (1963), found the effects of interpolated r e st or 

act ivity other than task activity to be neglig ible. The 

effect was more prominent "lith irregular intervals where tem-

poral expectancies \<lere difficult to build up. Faker (1959 b) 

compared monitoring performance under 3 conditions of int er­

signal regularity and found that the most irregular condition 

(with intervals of 45 to 600 - seconds) showed a significant rise 

in errors durin!'; the second half-hour of monitoring . Buck 

(1966) cited signal " ... infrequency and irregularity, as being 

characterestic of monitoring tasks in which performance deteriora -

tion is found" . 
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Smith, Warm and Alliusi (1966) assessed the relative effects 

of signal regularity and density on vigilance performance 

with 2 experiments: 

Experiment 1 : 3 density l evels (6,24 and 96 signals per 

hour) were factorially combined with 3 levels of variability 

(coefficients of variation of 0,01, 0 , 10 , a nd 1 ' . 

Ten subjects were randomly assigned to each of these 9 con-

ditions. 

Experiment 2: 5 d ensity l evels (6 , 12,24,48 , and 96-seconds 

per hour) were combined with the same l evels of variability 

as above. Here 13 subjects were assigned to each condition. 

Each subjcct monitored a " blinking-lights" display for an 

hour after each had bee n instructed to detect and report any 

alteration of the lights . In both experime nts response 

times to correctly detected signals declined as a linear 

function of logarithmic rises in signal density. 

Baker (l959b) conducted 3 studies. In the first he obtained 

r eact ion time to a t e st sig~a1.This signal followed a sequence of 

20 evenly spaced light signals at 10-seconds or 2-minute in­

tervals, regulary, or irregularly spaced about them. The 

10-second regular group yielded a reaction time significantly 

longer for 2 test intervals shorter than the previous il1ter-
, 

vals j the lO-second irregular condition gave reaction times 

that were significantly longer only for a short - test in­

terv a l not given previously. A second study compared moni­

toring performance um er 3 comitions of regUlarity of inter­

s i gnal intervals. 

Only! .•• 
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Only the most irregulal' condition '.;Jith interv als of 45 to 

600 -seconds gave rise t o a significant increase in errors 

during the second half-hour of monitoring. Earlier, using 

the same task, Baker (1958) had found no decrement I>7hen the 

int er sign<ll interval ranged from 36 to 96-seconds. Baker's 

(195gb) range of intervals was the same as the range used 

by ~lackworth, N. H. to generate decrements in detections 

l.;Ji th a number of differ ent visual and auditory monitoring 

t a sks . The third study compared missed signals where there 

was no knOldedge of results and when they were repeated until 

det ected . Signific a nt decrements in the second half-hour 

were found only in the no knowl edge of results group. 

from the above Fr ankmann and Adams (1962) concluded that 

Baker's results sugges ted that in vigilance t asks where 

there 1vas always irregular ity of signals occurring at a low 

average rat e, a marked ef f e ct of intersignal interval should 

h,3.ve been expected . 

Smith, Warm, and Alliusi's (1966) r e sults con-

firmed the above as they found reaction time to decline as 

th e signal rate increased irre spective of which coefficient 

of signal variability they used. Similarly, McCormack and 

Prysiazniuk (1961) attempted to determine the effects of de­

gree of regularity of int ersigna l interval. They found a linear 

relation between reaction time and task duration for 35 -

minut e experimental sessions where stimuli appeared from 

30, 45,60 ,75, and w_seconds apart with an average frequency 

of 1 per minute. 
Their! ••• 
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Their 22 subjects were required to depres s a switch ,'.S 

fast as possible in res pons e t o the appelli~ancc of a liGht 

which differed in degree of regularity from day t o day 

for 3 days. Besides this abov e linear r e l at i o n, time 

was found to decreC'.se with degree of regularity with 

which the signal light was presented and remained in-

vari a nt with length of interstimulus interval . Th is 

confirmed HcCormack's (1958) r esults and agreed with 

Frankmann and Adams' (1962) sta t e ment above concerning 

Ba ker' s results. Buck (1966) concluded that a rise in 

signal irregularity produc ed increased increment of re-

action time: it however appeared that the independent 

variable's variation must be quite considerable before a 

significa nt effect can be det e cted . Baker had discover ed 

a similar result by obtaining decrement in a l-hour 

session using inters i gnal intervals ranging between 45 a 

and 600-se conds. This was hOlvever no t the case for in-

tervals ranging fr om 60 to 360-seconds apart, and neither 

for a constant interv a l of 150-seconds ( Baker, 1959b; 

McGr a th, Harabc(lian and Buckner, 1959). 

Jenkins (1958) using a v o ltmete r - peripheral­

light t ask, discover ed t hat 

.•• pointer sig nal detection rate in 
creased in the range of 7,5 to 480 
signals per hour. Kappauf and POVIC 

(1959) demonstrated the same rel a ­
tion in the r a nge of 8-80 signals 
per h our a nd Nicely a nd Miller ( 195 7) 
found it in r e spect t o signal r a t es 
of 12 and 72 signals per hour appli ed 
to two parts of the s ame display. 
(Jenkins 1958, p.660.) 

According! ... 
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According to Buck (1966) 

Bergum and Lehr (1962) s~gested that 
they [Ellis and J\hr, 196Ql fail ed to 
obtain an effect because the r a n ge of 
signal rates (6-24 per hour) was too 
narrow. York (1962) reported a null 
relation betwee n signal rate and de­
tection ratd but did not give details 
of decrements. (Buck, 19 .66, ). 295.) 

Wallis (1951) pointed out that W:1en signal frequency 

was increased performance was enhanced in terms of probability 

of detection but the absolute number of sir,nals missed per hour 

remained approximately the same (Bak er, 1959a). Johnston, 

Howell, and Goldstein (1956) found superior performance under 

high signal frequ ency. They varied a signal frequency of 

60 and 150 per session between subjects and a density of 

4,8,16, and 32 stimuli Hithin subjects (wer 4 x 100-minute 

sessions. The subject Has required to monitor an 8x8 

matrix to detect, locate, a nd identify additions and dele-

tions of alphanumer ic stimUli. The above result was consis-

tent with the findings of Jenkins (1958) who maintained per-

formance by increasing sig nal rate and so demonstrated a 

positive relation betHeen detectability and signal rate. 

He had received qualitative support from Deese (1955) who 

had suggested that the rate of target prese ntation affected 

their detectability with poorer detection at lower rates. 

Jenkins (1958) suggested that the aver ap;e r a t e of signaJs had 

a much greater effect on detection l ev e l than short range 

fluctuations. Colquhoun (1961), citec by Taub and Osborne 

(1966), observed tha t many of the tasks showing a direct 

relation/ ... 
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relation bc·t',leen performance and critical signal frequency 

had u tilized tasks where a n increase in the nu;nber of 

criTical si" r:als I.<TaS at the s ame time accompanied by a de -

cline in normal or Doncri t:'.cal signals. He studie( the 

sepil:!'ate effects of both critical and normal signal rates 

and concluded that detection efficiency "las determined by 

the probability that a stimulus will be il critical signa l, 

i.e., the number of critical signals divided by the total 

number of stimuli presented. Jerison and Pickett (1963), 

Jerison, Pickett and Stenson (1965), and Johnston, Howell, 

and Goldstein (19 66) hav e confirmed Colquhoun's general find-

lngs. HOftlever, a recent study conducted by Jerison (1965), 

cited by Taub and Osborne (1966) . suggested that the main 

v c.,:,iClb lc influencing performance was the number of norma l 

signals il.nd not critical signal Foobabili ty. Also, they 

suggcsted that under ccr tain conditions the perc entage of 

detections Cl eclinec1 as t h e number of non-critical sifnals 

inc~' eased , even whc2e the or i tical signal probability I.<las 

equal. McGrath (1963) found signal rate to affect probabili-

ty , fdetection but not false detections (Buckner and McGrath, 

1963) . Taub and Osborne (1966) required 72 ~ ollege subjects 

to moni tot' a clock rlisplay f or 54-minutes and their resul t8 

suggested that: 

1. Both the percentage of correct detections and per-

centage of stimuli falsely responded to were inversely re­

lated to the number of normal signals presented in a session. 

2. Neither the numbcr of critical stimuli nor the pro-

bJ.biJity of a stimnlus being a criticCll signal exerted any 

influence/ ... 
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influence on perfor~ance. They Hondered whether the probabili-

ties detection performance didn't possibly reach an asymptote 

and was not affected by further changcs in rate of probability . 

Thus, according to Hackworth, J.F. (1963) : 

•.• the proportion of signals detected 
during a vigilance task has been shown 
to increase as the rate of signal pre­
sentationincreased (Deese, 1955; Jenkins, 
1958.) From this it follows, and has 
been demonstrated (Garvey, Taylor, and 
Newlin, 1959; Baker, 1960), that if "arti­
ficial" signals indistinguishable from 
"real" ones are injected into the task, 
performance on the real signals will im­
prove. Garvey also showed that when the 
"artificial" signals were distinguishable 
from the "real" . ones they still hclped per­
formance on the "real" signals. The pre­
sent experiments were begun to determine 
the effect on the detection of infrequent 
signals by adding extra signa ls which were 
clearly distinguishablc from the "real" 
ones. However, it immediately became 
clear that another factor was more impor­
tant than change of frequency and the in­
vestigation of this factor was pursued. 
OIackHorth, J.F., 1963, p. 82.) 

Faulkner's (1962) results were similar to those of G,lrvey 

et al, (1959). 

Frankmann and Adams (1962) found most major theories 

of vigilance to predict maximum decrement of vigilance 

under low signal frequency. Faulkner (1962) confirmed that an 

increase in signal frequency would alleviate decrement in the 

form of missed signals or increased response time with time 

on a vigilance task. He said that eXDeriments had up till 

then demonstrated that this decrement did not appear in a 

mUlti-signal test - e.g. Broadbent (1950) and Jerison (1957). 

Faulkner! .•. 
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Faulkner su gges ted that performanc e did deteriorate on a 

mUltiple source t ask in t erms of variability of pcrfor~ance 

where a rise in a subject's variability of response meant 

that there occurred an occasional very slow r e s po ns e t o a 

signal and that the frequency of these slow r e sponses would 

increase with time. He said that the attempts t o improve 

vigilance performance should aim not o nly t o lower the 

mean response time or frequency of signals mi ssed, but also 

to prevent the occurrence of relatively long periods where 

the subject failed to detect a signal if one appeared. 

Conversely, Gould and Schaffer (1 966) f ound great er decre­

ment of performance with a ris e in the numb cr of channels 

monitored ( 8, 12, 16, or 24) a nd with an accompanyinr, rise 

in s ignal r a te (1 8, 16, or 24). They found an increase in 

the rate of d isplay change (10, 5, a nd 2,5 sec o nds) affected 

performance most f o llowed by the increase in the numb er of 

channe ls monitored. 

Mackworth, J.F. and Tay l or (1963) f o und probability 

of detection no t t o b e related t o signal regul arity , 

irregularity or to .signal rate (17 - 240 per h our) and 

that an increased number of si gnals did no t impr ov e perfor-

mance by increasing arousal. Warm, Loeb , and Alliusi (1970) 

f ound that a stable r a t e of nearly 1009; detection was n eared at 

signal durations of 4 and 8 - seconds independ e ntly of si r-

nal rates . However, Hardesty, Trumbo and Bevan (19 63) §aid: 

Vi gilance/ ... 
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Vigilance data typically show that the 
rate of presentation of the critical sig­
nills influences both rhe over-all rate of 
signal detection (Jenkins, 1958; Smith, 
1961) and the within->-!i'."cchdecrement (Deese 
and Ormond, 1953) ; as the signal rate is 
increa sed, the proportion of si gnals de­
tected also tends to increase, and the 
TJ7ithin-l-1at ch decrement tends to be lcss 
pronounced. (Hardesty, Trumbo and 
Bevan, 1963, p. 629~ 

\-li th a riecrease in signal rate Schroeder and Holland (1968) 

found a decrease in the percentage of signals detected and 

a decrease in eye movements. Blair and Kaufman (1959) re-

ported that the rate of observing responses did not follow 

a variation in signal rate, although a measure of time to 

report signals did do so (Buckner and McGrath, 1963). 

Frankmann and Adams (1962) found the observing rate to be 

higher with a higher signal rate. Jenkins (1958) found a 

greater performance decrement with lower signal rates: the 

slower the signal rate and the longer the time on the watch, 

the greater is the tendency to fixate a signal without re-

porting it (Schroeder and Holland, 1968). Pope (1962) 

found better performance with high signal rates in both vis-

ual and auditory tasks. Frankmann and Adams (1962) cited 

Jerison and Wallis (1957) and McCormack (1958) as finding 

interval size to have no affect and also Deese and Ormond 

(1953), Garvey et al (1958), Jenkins (1958), and Kappauf and 

Powe (1959) as finding better performance with higher signal 

rates. Chinnand Alliusi (1964) said that the presentation rate 

of "critical signals" influenced the "within - watch de-

crcment" . (Deese and Ormond, 1953) and the "over-all rate 

of / ••• 

38. 



of signal detection" (Jenkins, 1958, Smith, 1961). They 

sain that as the signal rate was increased the properties 

of the signals detected also tended to increase while the 

within-watch decrement tended to become less pronounced. 

Similarly, Baker (1963), in Buckner and McGrath (1963), 

said that the faster the signal rate the more signals would 

be detected. As an example he cited Woodrow (1951) who had 

shown shorter intervals to be estimated with greater preci­

sion than longer ones. Broadbent also said that better 

performance and less decrement was found with faster signal 

rates. 

Jenkins (1958) found signal rate to affect false 

reports at higher rates; the decline in false reports at 

lower rates was however not proportional to the decrease in 

the total number of reports at lower rates. The result was 

an increase in the percentage of false reports with a de­

crease in signal rate. Jenkins found that when probability 

based on a high signal rate was high, the subject adopted a 

liberal criterion for accepting a current stimulus as a 

signal - a condition which raised the frequency of false 

reports. A decline in detections during a vigilance task 

was usually accompanied by a decline in false alarms es­

pecially in the first session (McGrath, 1963 in Buckner and 

McGrath, 1963). Jenkins (1958) founn no relation between 

the percentage of signals detected and the number of false 

detections. Colquhoun (1961),cited by Buckner and McGrath 

(1963), found that irrespective of the frequency of the 

wanted signals he used, where the probability of these 

signals/ ••• 
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signals was low, the percentage detected was lower than when 

the probability of wanted and unwanted siRnals was the same. 

Lisper (1969), using 4 undergraduates, determined wheth­

er "classical" reaction time would increase over time in an 

ordinary vigilance task. Two signal rates were used, a very 

high and a low rate. The results showed a rise In reaction 

time for the high rate and a constant reaction time for the 

low rate. Predictions from vigilance research e. g . Baker 

(1963), suggested the opposite and Lisper put his results 

down as confirmation of the inhibition theory. The dis-

crcpancy between this and ordinary vigilance experiments was 

however considered to have been caused by differences in sig­

nal strength (with strong signals here) and as a result of 

the attention demanded (with low attention required here) as 

a consequence of the stron,g: signals. Adams, Stenson and 

Humes (1961) presented 12 signals per hour to subjects and 

found mean reaction time to increase from about 2 to 3-se­

conds over a 3-hour session: when 45 signals per hour were 

presented, the increase was from about 1,25 to 1,75-seconds. 

These figures suggested that reaction time increment was sig­

nificantly smaller for the higher signal rate. 

Warm, Loeb, and Alliusi (1970) measured the func­

tional relations between watch-keeping performance on the 

one hand and si gnal rates, durations, and their interactions 

on the other using 5 signal durations (5,1,2,4, and 8 -

seconds) combined factorially with 5 signal rates (6,12,24, 

48, and 96 per hour). They found that reaction time to 

c orrect/ ••• 
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correct detections increased with time on the watch inde-

pendently of signal rates and durations. The results indi-

cated that watchkeepinr: cffichmcy increased as signal du­

rations were increased to a value between 2 and 4-seconds. 

This, they said, was in ~eneral ar,reement with an earlier 

study by Egan, Greenberg and Schulman (1961) which reported 

that signal detections occurred almost alv7ays within 2- -

seconds il\ a short term free response task. \I/arm, Loeb 

and Alliusi (1970) ,unlike earlier studies, found si"nal 

rates to have little effect in their study. The effects of 

rate were reflected by only one performance index - namely, 

detection probability and only ~vi th one type of signal and 

the lowest duration (O,S·seconds). Where detection probabi-

lity and signal rate had been successfully related, transient 

signals of O,S-seconcl duration or less had been used. 

Also,wherc reaction time and sir,nal rate had been found to 

be related, unlimited stimulus durations had been used 

(Smith, Warm, and Alliusi, 1966). Warm, Loeb, and Alliusi 

(1970) concluded that the interactions of the above task 

and signal parameters have important effects on watch -

keeping performances. Further, the influence of rate of 

si~nals on watchkeepinr; performance was complicated and a 

valid psychophysics of watchkeeping would need wider consid­

erations of signal characteristics as well as the matrix of 

events in which they were embedded. 
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Broadbent (1953h) d istinp;uished betHeen 2 forms of 

task Hhich differed in duratian of the "Ha tched f o r event", 

he called the o ne pac ed a nd the o ther unpa ced . In paced 

tasks the events Here transient and brie f and the number of 

c orrect detections was used as the performance mcasure : un­

paced tasks Here those Hhere the stimuli Hcre no t transient 

but persisted until the subj e ct respondcd a nd r esponse la­

t e ncy Has the measure of performance (Kappauf and Powe, 1959). 

In a n unpaced cand ition the subject is ab le t o c ompensate 

for mome ntary laDses and rises in work paus e s by raising his 

rate of work between the pauses ; in a paced condition such a 

pause resultsin l oss of op~ortunity t o make a correct de­

tection a nd there is no chance of compensatin~ by increasin~ 

the r a t e of work at another time. Consequently, accordinf, 

t o Broadb ent (1 953h ), little or no decrement was f ound in a n 

unpaced task as subjects missed fewer sif na ls. Kappauf a nd 

Powe (1959) st \Id icd an ob s erver-naced task which continued f or 

a lon~ duration in a ~oup situation . The subj e cts, in-

structed to work as quickly as possible , worke d in test b ook­

lets. They searched succe ssive ly f or d ifferent numbers for 

an uninterrupted period of 75-minutes durine which time the y 

were uncertain of the time of "appearance;! o f the number being 

souscht. Detectio n r a te .Jas f ound t o be hi r;h and s o 

su ggesting a small decrement which in fact d id o ccur si gni­

ficantly. This c a utioned one against the ge n er a lization 

which Broadbent advanced, namely, tha t performance decline is 

not to be e x pected with observer ,aced tasks. 

Further/ ... 
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Further pccordin~ t o Kappa uf a nd Payne (1959) , the result of 

performa nce o n these abov e types of tasks h av e e stablished 

t he foll owing relatio ns v ery clearly . In pae e d t a sks de­

cline of p erforma nc e was c onsiderab l e wh en l ow si ~nal r a t e s 

wer e us e n, but became sma ller wh en si ~nal rate wa s hifh ; 

the more no n-critica l si p- na ls ther e wer e , th e ",r eat er wa s the 

d e creme nt (Je nkins, 195 3 cite d by Karpauf a nd Payne, 195~. 

In unpacen t a sks perfor~ance decline wa s much l e ss evident 

tha n that expe cte d fr om dat a f or simila r pac ed c o nditio ns: 

d epend ing o n the spe cific situa t ion a nd particular metho d of 

evalua ting the respons e l a t e ncy of sub j e cts , decline at 

unpaced t asks may be ner,li gible or slm~ t o appear (Je nkins, 

195 3 cited by Kap pauf a nd Pa yne , 1959). Br oadb e nt (1953b) 

in fact, a s sta ted abov e , wa s inclined t o a ccept the vie w 

that d ecrement d oes not occur in unpac ed t a sks. 

Hyman (1953) investigated r e actio n time t o v isual 

stimuli a s a functi o n o f the amount o f informa tio n carried by 

the stimulus which was v aried b y ma nipula ting a) the numb er 

of e qu a lly probab l e a lternatives fr om which it c ould b e 

cho s en, b ) the pr oportio n of time s it c ould occur r e lativ e 

t o the other possib l e a lternatives, a nd c) the pr obability 

of its oc curr e nc e a s a fun c tio n of the i mme d i a tely Drecedinr, 

stimulus. His dat a showed a line ar r e l a tio n bet we e n stimu-

Ius uncerta inty and reactio n time ,tha t i t made l i ttle 

d iffer e nce how a .<>:iv en stimu l u s unc erta inty wa s reac hed , 

whe ther b y r e stric tio n o f th e t o tal number of stimul i , re­

strictio n of the i r pr obabili ti " " , or ~ , y' t h e restric tio n of 

s timuli/ .•. 
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stimuli sequence s. Garner (1962) s a i d the effect of stimulus 

uncertainty on r eaction time had been confirmed by other 

stud ies as well. 

It has been confirmed that reaction time t o s evera l 

alternative stimuli was affected by their distribution in 

the set. Crossman (1953) , cited by Garner (1 962), f ound, 

as d id Hyman (1 953 ) ,that frequ e nci e s Hhich were unbalanced 

l owered the avera~e reaction time. Even later Leonard 

(1958) a lso cited by Garner (1962), discovered that reac-, 
tio n times were l mJer with unbalanced tha n with balanced 

distributions . Klemmer (1957) also investi~ated the time 

uncertainty of the stimulus, his subj e ct knew the f orm of 

the stimulus but n o t when it would appe ar. Reacti o n time 

increased with the amount of time uncertainty. 

Bev a n and Dukes (1953) h av e measured reactio n time 

t o tachistoscoDically pres e nted p,eometric fi~res, some-

times t e llin,p. th e subject in advance what the fi "ur e would 

be and o ther times no t. These 2 c ond itions yielded d iffer-

e nces in r eaction time. These differences h owever were re-

duced t o nearly zero when the o nly res~onse the subject had 

t o make under both conditions was "Reco."nize" . .. > In this 

l as t c o nditio n ther e occurred a difference in stimulus c o ndi-

tio ns but n o d iff er e nce in uncertainty of r e s pons e. \-Thile 

a slight d ifference in r eaction time due o nly to s t imulus 

unc ertainty was f ound, the d iff erence wa s v e ry small (0,42 

versus 0,44-second). Bricker (1 955 ) h ad subjects indentify 

8 visual patt erns where th e number of res ponses that was 

r equired/ ... 
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required varied fr om 2 t o 8. The relatio n he found be-

tween l a t e ncy of r e s ponse a nd resnonsc uncertainty had a l­

most exactly th e sam e sloDe as did Hyman's (195 3 ) rel a tio n 

betl"ecn stimulus uncertainty a nci r eaction time. 

It thus appears, as H~ke and Hyman (1953 ) have 

demonstrated, tha t sub jects can pcrc e ive statistical struc­

turing in a seque nc c of events and repr oduce this struc­

turinr; in their OHn r esponse s eries. They s a i d the sub j e cts 

1ir1. no t perceive the probahi li ty rules p;ov ernin p; the 

p;ene ratio n of the series of events. Instead, the s equence s 

o f events pr eced in~ each pr ediction and pr ovid inp informa tio n 

anout the futur e behaviour o f the series were perc e ived. 

Jarvick (1 95 1) and Goodnow (1955) h ave also demo nstra t ed this 

probabili ty l earninr . Thus, t empor a l uncertainty defined 

by the signa ls' temporal r er.ularity ean be considered a 

l eur neri st.'1te acquired thro ur;h experience in the! t a s k 's 

temporal interv a ls. It is inferred from performa nce as a 

functi o n o f interstimulus interval ( Adams a nd Boulter, 1962). 

If stable learninf of intcrsirn~l intervals can occur, vifi­

lanc e decrement as a function of t emporal uncertainty of 

events cannot he obtaine -:1. (Boulter a nd Adams , 1 963 ) ; "The 

more r er.ul ar the t emporal inter val between si ~nals, the more 

sircnal de t e ctions " (Baker, 1959b) . 

Res'[)onse time is thus line arly r e lateci t o stimUlUS 

uncert a inty a nd so will increase the more uncertain the 

sU0j ect is of the t empor a l d istributio n of thc critical sif,nal. 

Further/ ... 
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Further, irre~ular intervals between signals lead t o per­

formance decline as temporal expectancies cannot easily 

be built up. Reaction time decreases with an increase in 

sip, nal rate but with irref,Ular si~nals at low density, 

that is, with r are sip,nals, performance decline will he 

marked. A positive relation between detection rate, pro­

babi lity of detection, and signal rate has heen founr:l. 

Maximum decrement of performance can thus be predicted with 

sip,nals at low frequency or rate and which are irref ular-

ly spaced in time. In the present study, therefore, 

irrerular time intervals hetween critica l si~nals at a low 

frequency or rate were used to demonstrate decline in per­

formance efficiency over time on the task. 

KNOI<ILEDGE o F RES U L T S 

A means of varyin~ subject motivation and nerformance 

was to provide knowledge of results of performance (KR). 

That is, knmoJledcr,e of whether a sif'nal had been falsely or 

correctly reported or missed, and whether it had been re­

sponded to more or less rapidly than the previous one. 

KR has heen shown over and over to improve over­

all performance and t o prevent the emergence of decrement 

in both active and passive tasks (Mackworth, J.F.,1964a). 

Jenkins (1958) and Baker (1959c) found KR to minimize 

performance decrement. KR seems to have a double effect 

concluded Mackworth, J.F. (1964a): it helped the subject 

to learn s0methinR about the task and secondly, it enhanced 

motivation. Evidence has been accumu l atinr, to support the 

first/ ••. 
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first above effect. '1ackwor th N. l:. (195!"l) demonstrated that KR 

prevented performance decrement durin~ a session. He also 

showed that data for successive sessions were in harmony with 

the theory that KR aided the subject t o recognise the sirnal 

better, and that this enhanced discrimination carried over 

to the next session (Mackworth, N.H., 1964a). Pollack 

and Knaff (1958) also found a rise in performance f olloto/ing 

the supplyin~ of KR (Frankma nn and Adams, 1962). Baker 

(1959) SUff,e sted that KR allowed the subj ects t o learn the 

sir nals' tempor a l pattern. He demonstrated tha t with 

both KR and a feedback condition there was no significant 

decrement; with feedback a sipnal, when missed by a sub ject, 

was repeated until detected. Thus there a ppeared to be 

the same number of signals in both conditions, but with t he 

feedback condition subjects did not know they had missed a 

signal. 

Weiner (1963) ,cited by Mackworth, J.F. (1964a ), 

compared KR with nartial knoto/led ge of results (PKR) when 

subjects were told about c orrect detections and false alarms 

but not about missed sienals. Three groups were run 

initially, KR ,PKR, a nd no knowledp,e of results (NK) groups. 

SUbjects with KR exhibited no decrement a nd an over-all 

performance higher than the other rr'0ups; the PKR p;r'oup ex­

hib ited a decrement and an over- all performance slip,htly 

hi gher than the NK groups durin~ the first run. In the 

second run where NK was supplied to all groups the froups 

that/ ... 
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that had received KR or PKR on the first run had per­

f ormance that was higher throughout than that of the 

groups r eceiving NK in the first trial. Adams and Humes 

(1963) also found the positive effects of KR t o persist 

in the sessions after its withdrawal. It thus appeared f or 

~!einerts results that even when n ot informed of missed 

signals, subjects had learned fr om PKR. However, false 

alarms wcre f ound to reach a maximum with PKR. This cre-

at ed the possiblity that detection improvement in this 

c ondition mi ght have been due to the increa sed willingness 

t o ,<"';\less r ather than a rise in ability t o det e ct the signal 

( ~l ackworth, J.F. 1964a). 

Chinn and Alliusi (1964) f ound that KR of f a lse 

r e s ponses led t o a decline in fals e r e s ponses. This was 

contrary t o Weiner's (1962) data above suggesting that PKR 

may encourage more c ommissive errors than e ither zero or 

full fe edback. Chinn a nd Alliusi found KR o~ false 

res ponses t o result in both a significant increas e in re­

action time to correct detections and a significant decrease 

in the number of false res ponses. Mackworth, J.F. (1970) 

f ound that feedb ack foll owinp; fals e a larms l ed t o an "ex­

aggeration of the usual increa se in caution" which accompa­

nied a decline in f a lse alarms. This c ould b e cou nter­

acted , she s a id, i f KR was ~iven about correct detections or 

missed signa ls. Chinn and Alliusi (1964) f ound that KR 

regarding missed signa ls pr od uced a significant decrease in 

the/ .•. 
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the total number of false responses. They also found that 

KR regarding correct detections produced a significant de-

cline in the proportion of missed signals. They said that 

this KR supplemented the subject's total information input 

by adding information concerning "errors of omission" 

..• in what may be considered a negative­
ly reinforcing manner. It is difficult 
to specify exactly what response, or 
what st imulu s - response event, is nega­
tively reinforced, however, since the 
missed - signal KR is given when an overt 
respons e has not been made following 
the presentation of a critical signal. 
(Chinn and Alliusi, 1964 , p. 910.) 

There are thus both positive (information - providing) and 

negative reinforcing aspects at work and the 

., . occurrence of negative reinforce­
ment following a stimulus - response 
event will tend to lower the probabi­
lity of that response's occurring 
when next the stimulus occurs. 
(Chinn and Alliusi, 1964, p. 910.) 

Not only do knowledge of correct false responses 

and missed signals decrease decrement, but false knowledge of 

results (FKR) has been shown to be as effective at improving 

performance by Davies, HcCourt and Soloman (1960) and Loeb 

and Schmidt (1960) cited by V-lcidenfeller, Baker and Ware 

(1962). vleidenfeller et al told subjects that a flashing 

light indicated a missed signal. This was true of the KR 

group but not for the FKR group where the light flashed 

when there had not been a signal. No significant decline 

in detection occurred during the KR or FKR conditions though 

a decrement took place with no knowledge of results. 

None/ ••• 
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None of the subjects in the FKR condition reported awareness 

that FKR .las being provided though they did report irrita­

tion. Hackworth, J.F. (970 ) emphasized that FKR only im­

proved detectability and did not prevent decr ement. Another 

comparison behleen the effects of KR, FKR a nd no knowledge 

of results ( NK ) on detection in vigilance t asks was madc by 

:'1 ackworth , J.F . 0964a) ,"ho compared the effects of KR, FKR, 

NK on the d etection of a brief pause in a clockhand' s move-

ment . The best performanc e a nd least decrement was found 

with KR ; with FKR the over-a ll level was intermediat e but 

the d ecrement rat e was the same a s f or NK; with NK per ­

formance Has improved following KR, a nd slightly improved 

following FKR. ~ackworth suggest ed that subjects l earned 

both the t emporal pattern a nd the characteristics of the 

signal and this counteracted decrement. 

Hackworth, N.H. (1950), cit ed by McGrath (1963) in 

Buckner and McGrath (1963), found KR to have no effect on 

r esponse latency . Adams a nd Humes (1963) d emonstrated that 

KR reduced the over-all latency as well as its incr ease 

during the run but it did not abolish decrement completely. 

This improved latency was also found to be carried over to 

later NK runs. McCormack (1959) performed a similar experi-

ment and showed that KR produced less rise in latency during 

a run than NK. In this experiment the stimulus light 

(the signal), if missed by the subject, was repeated until 

detection. Thus the NK condition here was the same as 

Baker 's (1959a) feedback condition, but McCormack found a 

consistent / .•• 
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consistent decrement when decrement was measured in terms 

of latency. Similarly, Pollack and Knaff (1958, cited by 

Frankmann and Adams, 1~(2),Baker (1959a) and "1ackworth, N.H. 

(1950, cited by Chinn and Alliusi, 1961+), have also shown 

NK to lead to performance decline. 

Various experiments have been performed to study 

the effects of 3 different partial KR schedules on reaction 

time. One such study by McCormack, Binding and McElheran 

(1963) used a reaction time experiment under ("\n,;,30%,500;,70~; , 

and 100% KR conditions. The only significant change in 

reaction time with time on 'task was observed by the NK group 

where reaction times became longer with increased task du-

ration. The behaviour of the no knowledge and complete 

knowledge groups was consistent with previous findings 

(McCormack, 1962; McCormack, Binding and Chylinski, 1962 ). 

:1 cCormack and McElheran attempted t o determine the critical 

point which they assumed to be betwecn 0% and 30% KR be­

yond which the effects of accumulated inhibition was negli-

gible. Five groups of subjects took part in a reactio n 

time experiment under O~;, l(l"i, 2()Os ,10% ,and 1+0% KR conditions. 

Pertinent to the present stUdy was their finding that the 

only dependable changes in reaction time with time on task 

were observed for 0% ,10 96 ;3.nd 20% KR groups. Here reaction 

time became longer with increased task durat ion . Con-

sistent with earlier studies was the absence of reliable 

performance change under 30% and 1+0 % conditions. 

In/ ... 
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In a similar study Johnson and Payne (1966) found perfor­

mance change to be absent under 50~75%,and 100% conditions. 

Ware and Baker's (1964) results demonstrated that 

verbal KR was superior to nonverbal, auditory superior to 

visual and that KR for misses was superior to KR for detections. 

Further ,when KR was verbally prescnted, the category of response 

made no differ'ence to the level of performance ; but per­

formance level with knowledge of missed signals given non­

verbally, Vias significantly higher than with knoViledge of de-

t ected signals. Hardesty, Trumbo, and Bcvan (1963) found 

NK and machine presented knowledge of results t o shoVi 

typical decrement function throughout the session. However, 

subjects receiving ver'bal KR from the experimenter exhibi­

ted less decrement and significantly higher over-all per-

formance pnd so c,onfirming the above results. Further, 

they found observer-presented KR to counteract vigilance 

decrement whether or not the observer Vias in the test cubi-

cle. According to Hardesty et a l this Vias attributed by 

Ammons and Ammons (1956) as due to motivational effects. 

The failure of machine presented KR to influence. performance 

in Hardesty, Trumbo, and Bevan's (196 3) stUdy was contrary 

to the reports of Baker (1959a) and Weiner' (1961). 

Hardesty et al pointed out that the only obvious difference 

between this and the earlier 2 studies was that KR t ook 

the form of visually presented cues in the earlier studies 

and that it could be hypothesised that these cues Vlere 

similar to the personal KR cues of the above study. They 

cone Iud ed/ ... 
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concluded that the 

••• persistance of the superiority of 
the observer - presented knowledge of 
results on subsequent days when all 
extrinsic knowledge of results had been 
withdrawn may be taken as further evi­
dence of the motivational nature - in 
contrast to the informational nature -
~f this form of reinforcement. ~echani­
cal and observer - presented knowledge 
of results contained equal amounts of 
information . •. , consequently, performance 
difference must be due to non-informa­
tional factors. It is in line with 
1>1einer's (1961) observations that the 
facilitating effects of knowledge of 
results persist on a second test day when 
no knowledge of results is presented. 

(Hardesty, Trumbo and Bevan, 1963, p.633J 

Adams and Humes (1963) emphasized that not just any verbal stimu-

lation can produce the characteristic KR effects on monitoring 

a task but the 

• .• stimulation must carry with it conno­
tations about response proficiency. 
McCormack et al (1962) similarly have 
reported a failure of neutral stimula­
tion to affect vigilance performance and 
a necessity for KR to be response rele-
vant . (Adams and Humes, 1963, p.152J 

Thus, ~cCormack, Binding, and ~cElheran (1963) con-

cluded that performance remained invariant with task duration 

with complete KR and that this was in accordance with findings 

of ~cCormack, Binding and Chylinski (1962) . Similarly, 

Chinn and Alliusi (1964) concluded that on most v igilance 

tasks a decline in signal detection (which was rapid at first 

and stabilished after 30-minutes on the watch) , may have 

been prevented by providing the watchkeeper with complete KR­

that is, with complete knowledge of correct detections, 

missed signals, and false responses. 
This / •• • 
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This absence of decrement was also possibly due to learning 

something about the task which carried on throughout the 

run. "The temporal aspect s of the display and signal charac­

teristics distinguishing it from the systems' general 

"noise", internal and external to the subj ect, have been said 

to be learned here (Mackworth, J.F. 1964a). Baker (1959a) 

suggested that this complete KR served to establish percep­

tion of the true sequential nature of the series ,and, 

according to '1 ackworth , N.H. (1950),it raised the probability 

of detection. '1ackworth, J.F. (1964a) found that KR in­

creased the ability to differentiate the signal from a given 

level of noise. KR also increased stimulation, raised arousal 

level and motivation suggested Hardesty, Trumbo, and Bevan 

(1963). Similarly, Baker (1959b) said that flagging moti­

vation, and with it performance, could be restored by KR. 

Further, KR may be seen by the subject as an evaluation of 

his performance and so may induce a greater need to achieve 

(Hardesty, Trumbo, and Bevan, 1963). 

If there was room for improvement in performance on 

a vig~lance task, performance enhancement would occur when 

the observer was informed about his performance. The more 

information he was given, the more he would improve (Weiner, 

1962, cited by Jerison and Pickett, 1963). This occurred 

whether this information was verbal, nonverbal, auditory or 

visual, with verbal KR being superior to nonverbal, auditory 

superior to visual, and KR of missed signals being superior 

to KR of detections (Ware and Baker, 1964). 

It I ... 
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I t was f or these reasons that the present task did not supply 

the subject Hith KR. This was done by allowing the subject 

c. choice of one of 2 possible responses or no respons e ,which, 

the former ~7hether correct or inc orrect, signalled the next 

stage of the task. 

THm ON THE WATCH 

'1 ackworth , N.H. (1950) found the critical signals 

detected over a 2-hour watch to be a decreasing negativity 

accelerat ed functi on of time with the g~o eate st drop occurring 

during the first h a lf-hour (Frankmann and A~ams, 1 962 ). 

Similarly, '·1ackworth, J.F. (1964b) stated that performance 

de creme nt in vigilance thr e shold determinations and high­

speed perceptual motor tasks appearc~ to be a linear func-

t ion o f the squar e r oot of time o n the task. Als o, Chinn 

and Alliusi (1964) f ound signal de t ections t o decline as 

time on th e watch increased. In their laboratory and else-

where (Jerison and Wallis, 1957 ; Kappauf and Powe, 1959 ; 

Baker and Harabedian, 1962; Jerison, 1963) Jerison and Pick­

ett (1963) f ound decrement to be completed within 15 t o 30-

minutes after the beginning of a vigil and then to remain at 

a p l ateau . 

Perf ormance decreme nt vlith time o n the task has 

heen shmm for both paced and self -paced t asks . Sal daILha 

(1957) ,cit ed by M:ackworth, J.F. (1946) ,demonstrated an in­

crease in error with time on the task when subjects were 

r equir ect t o set a Vernier Guage. 

Broadbent/ ... 
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Broadbent (1953) and Wilkinson (1961) showed thet when a 

5-choice reaction time task was self-paced, subjects may 

maintain their speed at the expense of increasinp, error 

with increasing time on the task (Mackworth, J.F. 1964b). 

To ·'\ialJls, Humes ,and Stenson (1962) it appeared that with 

increasing time on the task the subject not only exhibited 

a general response decrement,but also showed a declining 

effeciency in scanning with an abondoment of orderly 

scanning of all display elements. Broadbent (1963,in 

Buckner and McGrath 1963),found a slow decline in performance 

f or naive subjects expecting a short vigil, an intermediate 

decline when such subjects expected a long vigil, and a re­

latively rapid decline for subjects experienced with the task 

and who anticipated an extended vigil. He concluded that 

the shape of the decrement function was influenced by the 

subject's advance information about the job. Bakan (1955) 

suggested thinking of the decrement over time as being the 

result of a threshold change, namely, a rise in the threshold 

for detection over time. Further, Bakan reasoned that if 

the" performanee decrement over time on '1 ackworth 's Clock 

Test was viewed in t erms of such a threshold rise, it should 

be possible to measure decrement by repeatedly measuring the 

threshold during a prolonged descrimination task. His re-

sults showed this . He said that thinking of the decrement as 

a threshold change not only provided a setting for all de ­

crement data but also led to the assumption, supported in 

the literature, that if discrimination was made fairly easy 
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there should be no or little decrement in r e s pons e frequen­

cy with the course of time. 

Regarding the effect of signal rate and time on the 

watch, the slower the sig nal rate and the l onger the time 

on the watch, the greater the tende ncy t o fixate a signal 

without reporting it (Schroeder and Holland, 1968). 

Jenkins (1958) found that the percentage of al l correct re­

sponses neter iorated between and wi thin Hatche s wi th time on 

the task. This decline was slight for higher rates where 

false reports a ccounted for only a small portion of all the 

reports; but it was fairly large at the lowest r a te where 

more false than correct reports were made. He f ound the 

rate of f a lse reports not to decrease during the watch, nor 

from morning t o afternoon. Mackworth, N. H. (1956) found 

that a decline in the number of successful responses \-las a 

function of time spent at the clock test which needed con­

tinuous vig ilance as the critical signals occurred both 

irregularly and infrequently. He a ls o found that the slope 

of performance decline over time was less marked with good 

than with poor subjects. 

Probability of detection has b een f o und t o decrease, 

latency of response to increase, and observing response rate 

to decrease as a function of time on the watch (McGrath, 1963 

cit ed by Buc k ner and ~!cGrath, 1 CJG 3) , Ho lland (1963 in Buckner 

ann '1cGrath, 1963 ) cited Fraser (1950 ) who , using the clock 

test, showed a greater variance but no average decrement 

in the number of detections as the watch progressed . 

Buck/ ... 
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Buck (1966) pointed to the variability of detection rate 

and reaction time with time on thc task unn.er appropriate 

conditions. This, said Buck, had lee to thc assumption 

that these 2 measurers were indices of change of the same 

psychological variable,but the relation between them was not 

one of simple covariance with decrement . He said that 

• .. under certain cond itio ns, dis­
tinguished by high absolute or rela tive 
signal intensity and duration, reaction 
time increases while detectio n rate 
remains uniformly hir-h; under other 
conditions, distinguishe;J. by transient 
signals, reacti o n time increases while 
detection rate remains uniformly high ; 
under conditions, distinguishe d by 
transient signals reaction time increases 
as detection rate decreases. (Buck, 1966, 
p. 302.) 

McCormack P.D. (1958) and McCormack and Prysiazniuk (1961) 

found reaction time to increase with time on the task where 

the inter-stimulus interval varied. :1cCormack (1960) cited 

Kennedy and Travis (1947), '·!ackworth, N.H. (1950) ann. 

McCormack (1958) as finding response latencies to increase 

progressively with task duration l"here subjects were required 

to respond to a sporadically presented stimulus. Similar-

ly, ~!cCormack, Binding , and ~!cElheran (1963) found reaction 

time to increase linearly with time on the task in each of 7 

experiments in which subjects were required to respond to a 

sporan.ical visual stimulus 'Jithout any KR of their perfor-

mance. McCormack and McElheran's (1963) and Mackworth, 

J.F's (196Lta) results agreed with the latter above. 
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Regarding sex differences in performance over time, 

Taub and Osborne (1968) found womcn more able tha n men to 

maintain performance over an extended peri od of time. The 

finding was in agreement with that of 1.-lhittenberg , Ross am 

Andrews (1956 ). 

To sQmmarise and conclude, though women wer e more 

able than men t o maintain performance ov er an extended period 

of time, both sexes showed an increase in late ncies of re­

s pons e, their detection thresholds rose , a nd their percentaves 

of correct detections and observing rates decreased as a 

function of time on the task where there was temporal un­

cert a inty of the critical signal and no KR. Thus, for 

the present task, it \~as hypothesised that with time on the 

task there would be a similar decline in performance effeciency. 

Further, subjects were t old the l ength in time on the task 

as expectatio n of a long vigil had been shown t o enhance de ­

cline in nerformance over time. 

TIME OF DAY 

Heron (1956) found introverts to perform better in 

the morning while extraverts performed better in the after­

noon. Bakan (1963), in Buckner and McGr a th (1963), found 

more introverts than extraverts to prefer the morning while 

more extraverts than introverts preferred the afternoon. 

Jenkins (1958), using a light signal reaction time and 

pointer signal detection rate with fa s t and slow signal rates, 

reported data f or a morning and an afternoon session on the 

same/ ... 
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same day with a break of about 2 hours between sessio ns. 

Performance, thou gh improved c ompar e1 to the e nd of the 

morning s e ssion, was di scov ered to become poorer in the 

afternoon. Rate of f a lse reports however d i d no t decrease 

during the course of the watch no r fr om mo rning t o after-

noon. Similarly, Wilkinson (1961) reported a morning 

versus an afternoon session's eff e ct u pon o ver a ll net e c­

tio n r a te while investigating the r elationship between in­

t e nsity, frequ e ncy, a nd number of flashes in determining the 

critical flicker fusio n. The differences he found in re­

spect to decrement Here no t quite sif,nificant a nd were in 

the direction opposite t o those of Jenkins. Wilkinson how-

ever used separate groups whi l e Jenkins did not. Adams 

and Chiles (1961) f ound that the ir subjects who vlere on 

work - rest cycles, showed some d iurna l var i ation on their 

visual task. Be st performa nces (lowest latencies f or de ­

tections)occurTed during the evening and ear ly morning( .Teri­

son and Pickett, 1963). 

Best performance s eems t o occur in the mornings and 

worst in the aft e rnoons wit h females being more capable tha n 

males over lonp; time periods. This variable may therefore 

cause those tested in the morning t o perform b e tter tha n t hose 

t este·j in the afternoon,and the less decrement found in the 

morning may adversely e ff ect the hypothesised r e sults r e -

garding decrement over tim e on the task. For this reason 

subjects were t ested at o ne time only. Th e aft ernoon was 

found t o be the most convenient for subjects. 
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TEMPERATURE 

Mackworth, N.H. (1950) found temperature to reduce 

watchfulness on his clock test when t emperature wus con­

tinuously high. Pepler (1953) and Colquhoun (1957) a lso 

found performance in hi ~h t emperatures to be detremental 

to performance ( Baker, 1 959a). There appeared t o be an 

optimal er.viron':1cntal temperature for vir;ilance : cold may 

reduce performanc e throu~hout a task while heat may increase 

the rate of decrement (Mackworth, J.F., 1970 ). Baker 

(1959c) reported that for subjects dressed in shorts, sig­

nificantly more sig nals were det ected at 79 0 F than at 70 0 F 

and 90 0 F a s found by Mackworth, N.H. <1946, 1950). 

In conclusion, performance on a monotonous task may 

be best at usual environ':1ental t~perature. Decrement 

seems to take place with higher or lower temperatures. For 

this reason the present task was undertaken Cl.t normal ambient 

room temperature so as not to cause performance differences 

among subjects. 

INTERPOLATED REST 

Jerison and Pickett (1963) cited Mackworth, N.H. 

(1950) as findin~ that the interpolation of a telephone messa8e 

into a single vigil every half-hour led to a "return to 

initial high performance levels". Baker (1959c) found a rest 

during a vigilance task to minimise performance decrement 

while Mackworth, J . F. (1964b) found rest pauses to prevent 

decrement in both active and passive tasks. 

Bevan / ••• 
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Bevan, Avant, and La nkfor d (1 967) found interpolated rest 

t o r epresent a deviation from an oth~wise unchanEin~ 

r outine. This suggested that "vari ability" was a significant 

property of stimuli for vi ~ilance. Perfnrmance improved if 

thc watch was interrupt ed by the subjcct leav ing the t est room or 

hV t hc (Hsplay being '::u:.." ned of f while he rema ined ",ithi n the t est 

r oom (Je nkins, 1959). Solandt a nd Partrid~e (1946) a~eed 

with thi s finriinr.; (Ber gum and Lehr, 1 96 2). 

Accordin rr, t o Thlck (1 966) uninterrupted and pr o longed 

vigilance s e ssions were b as ic requ irements for showing per­

formanoe 1ecrement: ev c n il short pause durins a session 

could s erv e to prevent the appeara nce of a de cline or en­

hance the perf ormanc e t o its previnus level. McCormack 

(1 958 ) pr esented a lir-; ht signa l irregularly t o subjects. He 

found reaction time to incr ease during a 40-minute s e ssio n. 

However, after 5 t o lO-minute int errupti0ns in 2 se~arate 

eroups of subjects, r eaction time decreased and i n the case 

of the lO-minut e interru ptio n, wa s i'. lm ost r e turned t o its 

orig inal level. I·lith r ec;ula r pres e nt a ti on of siF;nals the 

effect of i nterpolated rest wa s negl i C; ible because there was 

neglig i ble rlecre.'l1ent (Buckner, 1963 in Buckner and McGra th , 

1963. ) Buckner also s a i d that with irre~lar interv n ls , 

if the interpo l ated rest neriod was too I o n!,;, fo r ve ttin'T, 

would occur and subjects "Iould ber- i n closer t o t heir ini ­

t iRl effort than would have occurrcd had it been shorter. 

Accor d inr, t o Jerison ani Pickett (1 963 ) : 

J enkins/-,. 
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Jenkins' (1958) preliminary work, 
which has been used to illustrate the 
effect of sip;nal intensity , ..• showed 
a decrement, and this work used success­
ive 15-minute vi .o:ils separated by rest 
periods of at least 10-minutes. 
(Jerison and Picket, 1963, p. 229.) 

Similarly, '1ackworth and Taylor (1963) did not find a pause of 

2-minutes every 10~~inutes to have any effect on the detection 

of a brief pause in a circling clock hand (Mackworth J.F. 

1964b). Accordin~ to Jerison and Picket (1963): 

It would appear then that the pattern 
of breaks might be important and an 
alteration between rest and work in 
cyclic patter ns might have the same 
effect on continuous work, whereas a 
single break mi ':,ht stand out (as 
fip;ure ap,ainst ISround) and serve more 
adequately t o moderate the onerousness 
of the vigil (Jerison and Picket, 
1963, p. 229.) 

Among those \qho found that rest pauses served to 

combat decrement of performance was Jenkins (1958), cited 

by Buck (1966), who required subjects to 

... detect exceptional deflections of 
an oscillatinr voltmeter pointer and 
to respond toa pel"ipheral ' light sip,nal reaction times 

to the lif,ht'signal-increased with time on task in an 
uninterrupted session of 90 minutes, but 
this was not the case when subjects 
were interrupted for 30 seconds rNery 
5 minutes. (Buck, 1966, p. 293.) 

Others finding the same were Adams (1956) who found that 

detection rate decrement in a 110-minute session was followed 

by a si~nificant improvement after a 10-minute rest pause, 

Also, Colquhoun found that the marked decline durin~ thc 

second half-h()ur of a detection task was prevented I.hen a 

nause of 5-minutes was introduced at the end of the first 

half -hour ('1 ackworth, J. F ., 1964b). 

Similarly/ ..• 
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Similarly, Wilkinson (1954b) demonstrated that 30-second rest 

pauses every 5-minutes were enouRh to maintain the level of 

performance in a 5-choice task (M a ckworth , J.F., 1964b) . 

Finally, Bergum and Lehr (1962) showed that rest pauses every 

half-hour were sufficient to maintain vig ilance performance 

in a monitoring task with both hiRh a nd low signal rates. 

Bergum and Lehr' s results demonstrated how effective re-

latively brief rest intervals were in maintaining hip;h per-

formance. When using 'iackworth, N.H.'s schedules their 
1 

results were similar in one experiment but with o nly 3 the 

amount of rest. This sug~ested that the least facilita-

tive length of rest period may be well below the lO-minutes 

employed in most studies. 

Takin~ into a ccount what has been stated above about 

the pattern of breaks and their length, the "effect" of an 

interruption then is to initi ate a period of recovery of 

vigilance (Buck, 1966). Thus, according to Mackworth, J.F. 

(l964b) ~ 

When rest periods intervene, the 
level ,vhich performance would have 
reached if there had been no decre­
ment may be indicated by perf ormance 
aft er the rest, and the decrement 
may be reflected in the amount of 
recovery during rest, although for­
getting and other processes may 
have occurred and also the amount of 
recovery will be related to the 
length of the rest pause . (H a ckworth, 
J.F., 1964b, p.216.) 

Because/ ... 
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Because interp01ated rest has this "recovery effect" upon 

performance, the present task did not allow the subjects any 

such rest durin~ their vigil. 

PRESENCE OF THE EXPERI'IENTER 

Frazer (1953), cited by Baker (1959a), and Hardesty, 

Trumbo, and Bevan (1963) found that the presence of the ex­

perimenter or the intr oductio n of an authority figure 

"monitorinr; the monitor " facilitated performa nce if he sat 

quietly behind the observer rather tha n outside the room. 

For this r eas on the experimenter controlled the task from 

a r oom outside the t e st r oom. 

I NDIV IDUAL DIFFERENCES 

Sipowiz, Ware and Baker (196 2) put much inter­

subject v ariability causing inter-subject performance differ ­

ence s as d ue t o motivatio na l differences and, they su~~ested, 

were thus susceptible to exnerimental maninulation and con­

trol. Similarly Witkin (1 950) had foun d a marked range of 

differences among subjects in the quantity of difficulty 

encountered in his EFT, the ranr:e l~as even greater for women. 

Jerison and Pickett (1963) concluded that vigilance 

p erformance was highly variable between individua ls and 

that no s atisfactory analysis of the sources of this varia­

tion had been reached. Similarly, Buckner, McGrath, and 

Harabedian (1963, in Buckner and McGrath, 1963) found: 

11 . .. 

65 . 



1. a p;reat extent of individual differences on vi~ilance 

t a sks and their stability over extended time periods; 

2. a rise in extent of individual differences from 

alerted t o watch standing conditions and as the watch 

progressed; 

3. a l')w correlation betl>Jeen individual performance on 

visual displays devised for different sensory modes ; 

4. a relatively high correlation between individual 

performance under watchstandinr:; and alertect conditions. 

Individual ctifferences thus exist in vigilance per-

formance over tiTJle. Fer this reason the results of o ne 

subject could not be considere<i to reflect avcraa,e nerformance. 

Rather a random samnle of male stu dents was picked fr om the 

university corridors and the mea ns of their scores on the 

v3Tiables under consi1eration were calculated . 

INTELLIGENCE 

Kappauf and Powe (1959) found one si gnificant 

correlation ( ~30) out of four between intelli ~ence and 

vi~ilance performance' On the other hand, So landt and PartridRe 

(1946), '1ackworth N.H. (1950), "1cGrath, Parabedian and Buckner 

(1960), and lllare (1960), all cited by McGrath (1963) in 

Buckner and !lcGrath (1 963), found no sip;nificant relation 

between measures of g,eneral intelli ~ence and vigilance ner­

formance. Neither did Baker (1959 b ) but he said : "Data 

h.:>wever are few". Because of this, a nd hecaus e subjects 

.Jere/ . .. 
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wcre Qll university students, t he present project did not 

study intelli p;ence as a performance variable of vicril ance. 

SEX DIFFERENCES 

I'litkin (1950) found fem a les t o be more variable than 

males in their n c~f0rmancc on the EFT. Bieri , Bradburn, 

and Gal insky (1 058 ), like \\7itkin (1950), have f ound males to 

be superior to f emal e s on tests of s patial rela tions. How-

ever , Goldstein a nd Chance (1965 ) found this difference be-

tween males and f emal es t o disappear by the final trials 

while Jackson,~essick, and Meyers (1 964) found no such differ -

ence s . (!or further details consult Chapt er 2.J 
Taub and Osborne (1968) found fema les t o be more 

ab le than males to maintain performance over a n extended 

per i od of time; this was in agreement with Whittenber~, Ross 

and Andrews (1 956 ). '1cCorme.ck (1960) and McCormack and 

Prysiazniuk's (1961) studies however revealed no sex differ­

ences relatinp; the slope parameter of the function relating 

r eaction time to task duration or the length of the inter -

stimulus interval. 

In this study, it was dec i ded t o use subjects of one 

S P.X, name ly males t o eliminate any ef f ects sex differences 

might have on either vigilance or embedderl figures test per-

formance. 
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AGE 

Axelrod and Cohen (1961) cited Basowitz and Kerchin 

(1957) and Crook, Alexander, Anderson,Coules, Hanson and 

Jeffries (1958) as havin~ reported that senescents per­

formed Horse than young adults on versions of the Gott-

schaldt task. Similarly, Axelrod and Cohen found youn~ 

adults to perform better on visual and tactile hidden fin:ures 

tests than senescents. Hitkin et al (1962) considered that 

fiel (l independence increased with a r'e and they found that 

field independent persons responded better to driving sit-

uations. Goldstein (1961) confirmed this by showing older 

drivers to perform better and those below 25 years of a~e 

to perform poorly. He however also showed that those above 

65 years of age also performed poorly (Barrett and Thornton, 

1968). Similarly, Schwartz and Karp (1967) recently found 

older individuals to be field independent (Barrett and 

Thornton, 1968). The latter 2 researches reasoned that 

while the younger group had faster reaction times, this was 

cancelled out to a certain extent by the real-world situation 

which involved a complex perceptual element requirinr, the 

intruding object to be recognised before any action could be 

taken. ~or further details consult Chapter 2.J 
Accordin~ to Talland (1966) the evidence for any 

effect age had on vigilance performance seemed to clash and 

depended greatly upon experimental procedure. He said that 

performance deterioration in tasks with low signal fre­

quency and signal to event ratio occurred with time and noise 

rate and expanded with age. Surwilla and Quilter (1964) 

have! ..• 
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;lave shown this but Talland (1966) cite rl. Canestrari (1962) 

and also Davies and Griew (1963) who did not find this. 

Ther e appeared, Talland (1965) said, to b e n o c o nclusive 

evidence that a fast pace per> se, \<lith or without a high 

signal frequency, raised the difficulty of detection more for 

older adults than for younger people. Kirchner (1958) 

and vleford (1962) , cited by Tanner (196(3), attributed this 

decline in performance with age on unpaced sequential tasks 

to failures in short term memory. Talland's experimental 

results agreed with the finding that continuous performance 

in si~nal detection did not decline with increasing age 

below the age of 60 years as long as the events occurred at 

a relatively slow rate. Accuracy declined progressively 

at a faster rate with each successive decade with a decided 

decline at about 40 years of age and then again at about 

60 years. The above effect of the faster rate,said Talland, 

las prescnt even though the task did not require retention 

of information from previous displays and so poor short-term 

memory in no way caused decrement. He concluded that the 

rate of display change l.Jas the vital factor in dccreascd 

accuracy with increasing age. And further, this seemed to 

arise from the requirement to scan the constantly changing 

displays and from making repeated decis ions on the selection 

and indication of those that had a signal prope rtv. 

hovl cver wer e conflictin". 

Re sults 

Because o f the corr l icting !' e sul t s regarding per-· 

formance on vigilance tasks a t v arious a ge s , the v a riable of 

agel . .. 
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age was kept an unimportant betwcen subject performance 

variable. This viaS a.chieved by choosing all subj ects fr om 

a small range in age - namely, 19 to 22 years of a~e . 

These Wl~e also the subj ects most readily available for ex­

perimentation. 

EXTRANEOUS SOUNDS 

It is generally true th2l t frequent changes in 

conditions do not allow human p erf ormance t o s ettle to a 

level characteristic of each condition (Babington - Smith, 

1951). Extraneous sounds could have an arousing or dis-

tracting effect (~ackworth, J.F., 1969). Corcoran (1962b) 

found that such sounds could increase arouse. l and s o per­

formance (Davie s and Hockey 1966). '1ackworth, J.F. (1969) 

said thc harmful eff3ct of extraneous sound may be greatest 

at the end of an unchangin~ task. Broadbent (1963) suggested 

2 possibilit ies in Buckner and :1cGrath (1963): 

1. Like Hackworth, J.r. (1969) , he said that continuous 

extraneous sounds were not arousing and prevented sounds from 

providing a variety to the background and so lowered arousal. 

2. The sounds, he said, were too stimulating and the in­

verted U-shaped relationship held as there might b e an in­

creasing tendency to respond to irrelevant stimuli. 
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Bevan, Avant, and Lankford (1967) found that 

constant sound above the level of the sounds from the 

test room had no effect upon detection probability in a 

visual monitoring task. However, adding variable 

sound of the same average intensity reliably enhanced 

performance. 

Broadbent (1963), in Buckner and McGrath (1963), 

and Jerison and ~ling (1957) J cited by Broadbent, found 

extraneous sounds to be detremcntal to performance in 

tasks involving several different signal sources. 

Jerison and Wing found no significant differences in 

performance in conditions with extraneous sound and in 

conditions of quietness over a lOS-minute period. 

They concluded that "flexibility of attention might be 

affected by noise" while vigilance tasks not r equiring 

this flexibility "may be unaffected". That is, tasks 

where subjects required to scan a series of displays in 

addition to maintaining a vigil of each showed a decre­

ment in conditions of extraneous sounds as opposed to 

those using a modified "Mackworth Clock Test". Thus, 

they reasoned, performance in a one-clock test might be 

put down to alertness and focusing while performance on 

more complex tasks might be due t o flexibility and alert-

ness. This, they said, suggested that vigilance, in the 

sense of maintena nce of attention level or alertness, was 

not affected by extraneous sounds and that the place to 

seek the deleterious effect found in complex tasks was in 

flexibility of attention - e.g. in the extent the 
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subjects carried on scanning the displays they wcre required 

to monitor. 

It appears that auditory sounds just above the sound 

of the apparatus would not become a major f actor leading to 

decrement in a task like the present that did not involve 

flexibility of attention. Such sounds would merely e limi-

nate extraneous sounds which might distract or alert the 

subject. The present experiment used white noise in an 

attempt to eliminate these extraneous and distracting or 

stimulating sounds. 

SUMMARY AND CO NCLUSIONS 

Response time has been shown to be line arly re­

lated to stimulus uncertainty and so would increase over time 

on the task the more uncertain the subject was of the criti­

cal signals' temporal distribution. Thus, irregular inter­

vals between signals resulted in performance decline as 

temporal expectancies could not easily be built up or learned . 

With an increase in signal rate reaction time decreased, 

but with irregular signals at low density, that is, with rare 

signals, performance decline would be marked. Maximum per·-

formance decrement could thus be predicted with signals at 

low frequency or rate which were irregularly spaced in time. 

A positive relation between detection rate, signal rate, 

and probability of detection has been found. Thus in the 

present study in order to obtain a decrement in perforffi8nce 

over/ . .• 
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over a period of 2-hours, an irregular time interval be­

tween critical signals at a low frequency or rate was drawn up 

in the following way: the simple figure was not necessarily 

present in each complex figure presentation as was the case in 

Witkin's (1950) EFT. In an attempt to reduce the effect of 

prac tice the present task, like Witkio' s EFT , used a large 

variety of test figures which included Witkin's figur es and 

similar figures. In neither tasks were the complex a nd 

simple figures presented simultaneously. Unlike Witkin's 

t ask , it was decided to keep the sequence of s imple figures stable 

throughout the study: only the simple figures present in com-

plex figures ,their order of presence, and the order of the 

shape of the complex figures changed for each sequence of sim-

ple figures. 

The practic e of prcjecting the complex figure first 

and a different simple figur e o n each trial was intended by 

Witkin t o impress the total c omplex pattern upo n the subject 

and to discourage searching for a specific simple figure. 

In a preliminary study by \'litkin (1950) the presentation of a 

simple figure was follm,ed by a series of complex fi gures in 

which it appeared. Here Witkin f ound subjects able to attend 

to a segment of each complex figure disregarding its over-all 

pattern. This attitude was a ided by the l ocation o f the 

simple figure, in whole or i n part, near the centre of the 

complex figure. Further, the repeated search on succe ssive 

tria ls for the same simple fi gure induced a specific "set" 

towards that particular figure (Witkin, 1950) . 

The / ... 
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The final procedure developed by Witkin was used in the 

present study • [This was later Mod ified as it tended to 

negate the property of irregularity of signal appearance: 

learning was also reported to occur._1 Witkin graded his 

figures in difficulty. As grading was unimportant in the 

present task, no attempt was made t o uphold it or formulate 

a revised version. 

The present task allowed a maximum of 3-minute s as 

opposed to .litkins 5-minutes, for the subject to signal the 

simple figure's presence or absence in the appropriate 

complex figure. This was because the longest time required 

for a solution on Witkin's (1950) task was 156,8-seconds 

and because the timers used in the present study could only 

time out a maximum of 3-minutes each. The other times 

used and their order and application were the same as for 

Witkin's (1950) EFT based on his above findings concerning 

order of presentation. LThe first 15-second presentation 

of the complex figure was later discarded in the present 

study for the reasons above J 
Knowledge of results (KR) enhanced ,.,crformance and so the 

present task did not: supply subjects with this kriowledge. 

Unlike Witkin's (1950) EFT, the present task did not require 

the subject to trace out the simple figure in the complex 

figure with actions when he thought he had located it, nor 

was he allowed more than one overt attempt per trial before 

proceding to the next complex figure. 

In/ .•. 
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In both tasks the next complex fifure in the series could be 

presented without the subject respondinr; if he failed t o reach 

a conclusion wi thin the maximum time limit . Each subj e ct 

obtained KR of performance in Witkin's (1950) EFT by being 

allowed an unlimited numher of a.ttempts to trace cut t he simple 

figure contained in the complex figure until correct or until 

5-minutes had expired. Because of the possibility of being 

exposed to the s ame figure or similar figures l ater during the 

present 2-hour vigi l eaeh suhject I-!as given no indication of 

whether his responses were correct or incorrect. Further ) 

subjects were allol-led one over t response or no reSDonse, 

either of which, whether the former 1,Iil.S correct or incorrec t 

served a s signals for the next sequence of fi gures. Thus, 

if the subject always responded t-lithin the 3-minutes search­

ing time, the present task became self-paced. 

Hith the progression of time on the t ask detection 

probabilities decline, response time, detection thresholds and 

observing response rates rise "lhen there is t emporal un­

certainty of the critical signal and no KR. It was hypo­

thesised therefore, that in the present task of an uninterrup­

ted 2-hours, there would be some perf ormance decrement. The 

length of 2-hours was selected on the basis of its frequent 

use in vigilance tasks. Further, to enhance decl ine in per-

formance over time subjects were informed of the length in 

time of the task. The task was unintcrruDted a.s the "effect 

of an interruption is to initiate a perio~ of r ecovery of 

vigilance" (Buck, 1966) which I-l0uld defeat the purpos e of the 

task. 
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The time of day when each subj cct was t ested '.vas n o t 

c01'\par cd be tween or Hithin Sl!r-jects aseach !vus tested once only,in 

the afternoon. This Has because the afternoon Has the most 

c o nvenient time and because results are conflicting reF,ardin g 

the effect of time of day on performance. This variable 

was thus kept constant . 

Testing was undertaken at n ormal ambient ro om tem­

perature as temper a ture e xtremes had been shown t o h ave a 

detremental effect upon performance. 

In Witkin's (1950) EFT each subject perfo rmed the 

task in the experimeter's presence. In the pre sent study , 

typical of vigilance t a sks, each subject was alone in the 

test room. There was no contact between him and t he ex­

perimenter during the 2-hour task. The rea s on was because 

the presence of the experimenter h ad been shown to f i'\ci­

lita te performance. 

Individual differences in perf or mance occur over time 

on a vig ilance task. These were not considered in the present 

study. Rather, results o f the sample Here av e r aged to de­

monstrate any decline in performance o ver time. 

Relations between intelli gence and vigil a nce have been 

shown but there is little data. Also, because the subjects 

~lere all university stunents, it was decined n o t t o include in­

telligence as a v ariable influencing performance . 

Hales have been shown b y some to be super ior to women 

on the EFT and others have shown this superiority t o 

disappear over time. 

Further/ ... 

76. 



Further, women have been shown t o be more ab le than men to 

perform over extended time periods which may account for the 

disappearance of men's superiori ty on the EFT. These 

results influenced the decision t o use males only on the pre­

sent task . 

Because of the conflicting results regarding per­

f ormance on vigilance t ask s at -various ages, age was kept an 

unimportant performance variable by selecting subj ects 

whose ages ranged beh7een 19 a nd 22 years of age. 

were also the subjects most readily available. 

The se 

Auditory sounds just above the sounds of the appa-

r a tus do not appear to be a major factor causing performance 

decrement where flexibility of attention is not a task 

r cq uiremen t . Such sounds merely eliminate extr aneous 

and d istracting 0:>" alerting sounds· The present task, 

.7hich did not r equire fl ex ibility of at t ention llsed white 

noise t o per f orm this very function . 
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CHAPTER IV 
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CHAPTER rv 

FIRST PILOT STUDY 

It was clear the method of the present study was 

going to be important. Formulae had to be arrived at which 

preserved the essential features of Witkin's method, while 

not going beyond the capabilities of the available equip-

ment. At the same time, it was desired that the study was 

not merely to be a development of the method. The best 

research strategy to fit the problem was therefore required. 

This choice of strategy influenced the details of the 

design and of operations for measuring and manipulating 

variables. Further, once formal data collection had 

begun, no further modifications to the strategy could be 

made. This was because data collected at one time would 

be incompatible with data collected at another. For these 

reasons pilot work was undertaken to help clarify the feasi­

bility of the study and the potential adequacy of alternative 

methods, to refine techniques, and to raise probl~ms the 

researcher might encounter in developing the fina~ design. 

Pilot work was also undertaken to give the ex-

perimenter initial practice in testing subjects, so that- 'n 

the final study they would all be tre;oi. "' ,j alike. 
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Simi l arly, the presentation of data was aided and a hint 

-t o -<.:he study's fi nal ()Utcome was also provided. 

ar,d \"crtheimer, 1 966 ). 

(Scott 

Bearing in mind the po ints o f the previous chapter 

t he apparatus for the first pilot study was assembled with 

a view to the f ol l owing operations in order t o test the 

effects of performance decrement over time o n an embedded 

fi e ures test. This vig ilance task kept the critical to 

no n-critical signal ratio low by presenting numerous criti-

c a l and non-critical sequences of slides (c omplex, simple, 

and the same complex slide) on a projection screen f or 15, 

10, and lSO - seco nd s respectiv e ly . This lSO-second period 

vlas the maximum time allowed t o respo nd f or each sequence 

Hhere the t a sk of the subject Vlas to indicate (by closing 

e ither of 2 appr opriate ly labelled r e sponse switches) the 

presence or absence of the simp le fi gure in the c omp lex fi gure. 

This terminated the sequence and signa lled the displa y of the 

next sequence of c omplex, simple, and comp lex slides. The 

time sequence of the various op~ations was recorded as was 

the na ture of the responses (correct, incorrect, or no-

respons e ) . This c ontinued uninterrupted f or 2-hours. 

I deally the task should have been performed in a sound -

proof room but since such a room was unavailable extraneous 

no ises which might have influenced p~formance were masked 

with white noise. Ea ch subject was tested seated in a 

dark e ned test room . The experimenter controlled the task 

from the adjacent control room connected to the test room by 

a n intcrleading hatch. 
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APPARATUS 

1. BRS 300 and two 24 VDC Power Supplies. 

2. Two Kodak Carous e l S Pr o jectors with 100 rnm lenses 

to project slides. 

3. Slide trays c ontaining slides o f simple and complex 

geometric fi gures. 

4. Proj e ction screen. 

5. Three-Pen Recorder with 2 labe lled response switches. 

6. Whi te Noise Generator and earphones. 

7. Test and c o ntro l rooms. 

1. BRS 300 AND TWO 24 VDC POlVER SUPPLIES 

The BRS 300 Series Digibits offers p lug - in l ogic 

modules with solid - st at e circuitry. The s e modules can be 

assembled into networks with p luggable patch cords by c o n­

v erting the presentations of l ogic f unctions to an opera tive 

system. All input a nd output connections are made at jacks 

o n the fr o nt nanel. All power connections a r e automatically 

made when the elements are plu gg ed in. 

The BRS 300 was pr o.g;I'amm ed to co-ordinate the op­

eration of the Three-Pen Recorder, the pr o j e cti o n of slides 

by the 2 Kodak Carousel S Pro jectors, and the 3 timers and 

latching r e l ays. This produced t he following seque nce. 

Projector number I pr oject ed a slide o f a c omplex fi~ure for 

15-se c o nds. This was followed by Pro jec t or number II's 

pr ojection of a simple fi gure f or 10-seconds. 

Proj ector/ ... 
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Projector number I then pr o j ected the same complex figure 

again till terminated by the closing of either of the re-

sponse switches. This was a lso the signal t o initiate the 

display of the next sequence of 3 (comp lex , simple, complex) 

slides. The BRS 300 a lso controlled 3 pens of the Re-

corder on which the time sequence of the various operations 

was recorded. This procedure continue d for 2-ho urs with­

out interruption. Lsee Appendex 2 f or a detailed descrip­

tion of the circuitry. ] 

2. TWO KODAK CAROUSEL S PROJECTORS 

Each circular slide tray of the Carousel S Pro-

jectors accommodated 80 slides. The transparent covers 

protected the slides a gainst dust and damage when not 

t esting. 

Each projector was operated and timed by the BRS 

300 through remo te contro l cables fitted to the projectors. 

Two slide tr ays were used with each projector: 

one c o ntained 1 simple practice fi gure, a nother 8 simple 

test figures, the third 2 complex practice fi gures, and the 

f ourth 80 comp l ex t est fi gures. 

the modification discussed below. 

Two of the trays required 

For the pr actice trial the first practice simple 

figure wa s inserted in slo t number 1 f o r the first pre s enta-

tion . During the pr ese nt ation of the c omple x fi gure the 

. simple fi gure was moved to slot numb er 3 f or the second 

presentation . 
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After the second practice trial the trays of ?ractice 

simple slide s were removed and replaced by a tray of 8 

simple test fi gures (Pro jector I) in slots 1, 3, 5, 7, 9, 

11, 13, 15, and 17. The reason f or the a lternate slots 

was because the BRS 300 was r eprogrammed in such a way that 

this projector, Projec t or I ~eceived 2 pulses, one when 

its light was switched o n a nd the other when its light 

was switched off. The tray of practice complex slides in 

slots 1 and 2 of Projector II was removed aft'er the practice session 

and replaced by the tray of 80 test comp lex slide s 

in slots 1 to 80. The 2 trays containing the test slide s 

were each given an extra slot by cutting away the c overing 

of slot 0 to enable continuous slide presentati o n: the 

comp lex slides were each moved back one slot in their tray 

after each's presentation - e.g. 1 to 0 , 2 to 1, and so on 

so that on their second presentation slide number 1 was 

projected from slot 0 and so on. Similarly, the simple 

test slides w~e moved forward in each case with slide 1 

in slot 1 moved to slot 19 , slide 2 in slot 3 to slot 21 

and so on. The slo ts numhered 0 were blank on the insertion 

of each slide tray onto a projector as there was n o support 

below t o prevent slides in the se slots fr om falling out Slide 1 

in slot number 1 was alivays projected first in each case because 

when the BRS was activated the tray of comple x slides was 

pulsed t o slot 1 and so for the simple tray when its turn 

followed till the t a sk's completion at the end of 2 -

hours. 
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Each of the 2 projectors projected from positions 

above the head of a seat ed subj ect • They were mounted one 

above the other on a stand in the control room and success-

ively projected through a hatch onto the centr e of the rro-

jection screen in the test room • (Fig. 2.) 

. 

_;I 
Fig . 2. '1ounted Carousel S Projectors. 

3 . SLIDES 

Slides of complex and simple geometric figures were made 

in the following way : 
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In I"itkin ' s (1950) collection of figures each 

complex geometrical fi gure had its simple ~eometrical fi gure 

incorporated into its patterns so that the outline of the 

simple figure may f orm part of the boundaries of several 

subpatterns in the complex fi gure. 

The present series however included Witkin's com­

plex figures, e. g . Fig . 3b, which were the critical signa ls 

as we ll as similar figures into which the simple fi gures, 

e.g. Fig . 3a, could not be fitted. This was because 

one or more of the boundary lines of the simple fi gures 

had been omitted and other straight and wavy lines had been 

added, e.g. Fig. 3c. These wavy lines, t o indicate colour 

in Witkin's (1950 ) straight line drawinps, were kept in 

the present drawings to vary the stimuli by adding not 

only t o the numbers of lines but also t o the kinds of lines. 

These additional slides were used to nrovide the non­

critioal component of the vigilance task. 

o 

0... b. c. 

Fig. 3. Examples of Simple and Complex Figur e Construction. 
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Witkin's (1950) series consisted of 1 practice simple geometri-

cal figure with a practice complex geometrical figure int o which 
, 

it fitt ed' and 8 simple test figur e s with 2lf test complex fi gur e s 

into eac h of ~lhich l of the 8 simpl e t e st. fi r;ures f itt ed. 

-For t he present stildy,·.· f :fgur es ~Jere dril~m in black ink on whit e 

paper il1 : sizes r e lativ e to l;'itkin's (1950) fisures,. but 

1!\ilgnified. ( r,ppcndix 9) These, when proj ected, 

were 12 times bigger tha n Witkin's. The pr ese nt t a sk c on-

sisted of Witkin's pr actice simpl e figpr e , 2 practice com-

plex fi gures, the practice simpl e fi f,ure being incorpora ted 

only into Witkin's original practice c omplex fi gure. The 

test c omprised of Witkin's 8 simpl e t es t fi gures with 80 

test complex fi gures c onsisting of Witkin's origi nal figures 

and the additional similar ones; only in ~litkin' s original 

2lf c omplex test fi gur e s were simple fi gure s incorporated . 

i Fig . 1 f or diagrams of ~litkin's (1950) fl f,ur es ·.-: .. 
These practice and test fipur e s wer e ph ot ographed 

in the f ollowing way : 

The mid- point between the r ead ings of a li ~ht-

meter f or black and white paper was t akcn as the f stop 

for the camera . This was f 5, 6. At a distance of 1,9 

niet v ertic a lly above the figures, using black and whit e~ ·­

film of lfOO ASA \o/i th the camera s e t at the above f stop, 

the fi gures were phot ographed in d iffuse sunlight with a 

1 shutter speed of I'2""!)second. Each s poo l of film was then 

developed for 12-minutes using Kod ak D-76 developer, washed 

in a stop bath of 3% acetic acid, fixed f or If-minutes in 

Amfix, .Tashed f or la-minutes t o clean, allowed t o drY ,and 

then cut into slides. These slides, when projected onto a 

screen, were white outlines against a uniformly black back-

ground as compared to Witkin's coloured designs. 
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The order and the notation of simple test des igns 

was F,D,A,G,B,H,C,E. The notation of for example, complex 

slide Fl meant that simple fip;ure F .las present in complex 

fi~ure F 1 while in D2a for example, simple fi gure D was 

not pr esent as it TNas present i n D2 and so on . ;""For the 

or der of simple and complex figures see Table 46:J IF or 

the desi~ns of simpl e and complex fi~ures see Appendix 9( 
-' 

4. PROJECTION SCREEN 

A projection screen was installed in the test 

room which was dark ened during testing. The subject was 

seated facing the screen with his back to the pr ojectors 

projecting through an inter leading hatch between the control 

room and the test r oom. 

5. THREE-PEN RECORDER AND LABELLED RESPONSE SWITCHES 

Two labelled response switches lay o n a table 

before the subject (Fig. 5). Switch 1 activated Pen 2 

and &"itch 2 activated Pen 3 of the Three-Pen Recorder 

(F ig 4) which was drive n by the second 24 VDC Power Slpply. 

Switch' 1 was depressed if the subject saw the simple figure 

in the complex figure, SNitch 2 was depressed if the subject 

wished to indicate that the simple figupe was not present 

in the complex figure. 

87. 



Pen 2 was used to indicate the speed of response to the 

presence of the simple figure while Pen 3 was used to 

indicate speed of response to its absence, whether the 

response was correct or incorrect. 

J 

Fig. 4·Three - Pen Recorder. 

Fig. S.Response Switches, Earphones 
and Labels. 
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Pen 1 of the Three-Pen Rccorder recorded every time 

a new cOP.lplex slide was flashed onto t he scr een : Thi'tt is, 

either after the pressing of Switch 1 or Switch. 2 or after 

the timing out of 3-minutes when the subject Has unable to in-

dicate the presence or absence of thc simple figure. No re-

sponse was indicated when no mark by Pens 2 or 3 foll owed a 

mark by Pen 1. (Fig . 6). Thus reaction time was measured fr om 

when the first slide cf a sequence was flashed onto the screen 

as signified by Pen 1 until Pen 1 made its next mark which in 

turn served as the marker f cr thc beginning of the next reaction 

time measurc. 

T.1O illuminated signs "Figure Yes" f or Switch 1 and 

-'Figure No" for Switch 2 11ere used to remind the subject vlhich 

Switch to use throug hout the task. 

6. ~IHITE NOISE GENERATOR 

The White Noise Generator (Fig . 7) installed in the 

test room fed white noise of 20 decibels t o the subject throu gh 

earphones (Fig . 5, Fig. 9). , 

Fig. 7. VJhite Noise Generator. 

90. 



7. TEST AND CONTROL ROOMS 

All apparatus, other than the earphones and the 

White Noise Generator, the projection screen, chair and 

table, the 2 labels, the 2 response switches and wires 

leading to the BRS300 and the Three-Pen Recorder, was 

installed in the light control room. The adjacent test 

room was kept dark except for unavoidable slight illumina­

tion through an interleading hatch through which the 

slides were projected (Fig. 8). All electric wires 

from the test room were led into the control room through 

this hatch in the wall. The experimenter operated the 

equipment and controlled the experiment from the control 

room. 

Fig. 8.Projectors and Interleading !-~atch. 
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SUBJECTS 

The subjects of the first pilot study of the test 

were 2 male university students between 19 and 22 years of 

age selected at random from the university corridors. 

Each subject was seated in the test room and was not 

allowed to leave the room or smoke during the test. (Fig.9 .) . 

r 

Fig. 9. Subject Seated in Test ROGm. 

PRO C E D U R E 

Wi th the apparatus sHi tched on each subject was 

seated in a chair in the test room in a position facing the 

proj ect ion screen. Room temperature was ambient. 

92. 



The following instructions which were based on 

Witkin's (1950) were read to each subject : 

You are going to be shown a series of 
geometric designs on the screen before 
you. The designs will be white out­
lines on a black background. After 
each complex or large design you will 
be shown a simple or smaller figure 
which may be contained in the larger 
complex design just previously shown. 
You will then be shown the same larger 
design again and your task will be to 
locate the smaller figure in it. Do 
not trace the smaller figure manually. 
This smaller fif-ure will not bo pre­
sent in the complex or larger figure 
in every instance. When present, it 
will always be in the same upright po­
sition, size and shape originally 
presented to you. This is the figure 
you must search for and respond to 
when located by pressing the response 
button before you on your left 
(F igur eYes) . If you decide that the 
simple figure is absent press the 
button before you on your right (Figure 
N0 ). If you have not located the 
simple figure within 3 - minutes a new 
complex slide will automatically be 
flashed on to replace the other. 
Your score will depend upon your speed 
and accuracy of response, so work as 
q~lickly and as accurately as you 
possibly can. Avoid guessing. You 
,,,ill be given 2 practice runs, the 
first showing an example of a complex 
figure where the smaller figure is 
present and the second where the same 
smaller figure is absent. Throughout 
the study a number of different smaller 
or simple figures and complex or 
larger figures will be used. On the 
table before you are earphones from 
a white Noise Generator, these must be 
Horn to cut out extraneous sounds. 
You may not smoke and must surrender 
your watch for the duration of the 
task. 
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Are there any questions? JExperi­
menter answered questions:-/ "'You will 
have further opportunity for questions 
after your practice session. I 
will leave the room now with the door 
closed and the light switched off. 
Your practice session will follow. 
Put on your earphones. 

After taking possession of the subject's watch 

the experimenter left the tcst room and closed the door 

after switching off the light.In the control room next 

door the BRS 300 was activated and the subject was shown 

practicc complex figure PI for l5-seconds. After PI was 

removed practice simple figure P ,vas shown for 10 -

seconds. ~~en it was removcd PI was shown again until 

the subject responded or for 3-minutes if he did not 

respond . P la was then projected for l5-seconds, then P, 

the same practice figure as above, for 10-seconds, and then 

P la again until the subject responded or for 3-minutes 

if he did not respond by pressing one of the 2 response 

switches • Then the apparatus, except the ~1hite Noise 

Generator and the 2 labels, was imm"diately s>-7itched off and 

the experimenter re-entered the test room and, first indi-

cating for the subject to remove the earphones further in-

structed him as follows: 

Have you any questions? [Experimenter 
answered questions] I will now leave 
you with your earphones on in the darken­
ed room to begin the actual test. The 
test will last 2-hours without interrup­
tion. Have you any further questions? 
C Experimenter answered questions J 
Put on your earphones. 
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The experimenter left the test room for the 

contro l room and switche d on the apparatus after tearin~ 

off the trial graph on the Three-Pen Recorder t o allow re­

cording to begin on a clean strip of graph paper. The 

trial graph, merely to test whether the subject understood 

the instructi ons, was disc2~ded. The beginning of each 

graph was marked by noting the subj ect I s number - i. e._, the 

first subject beinr subject number 1 and so on. 

Upon sl'litching the cquipme nt o n the BRS 300 was 

immedia tely re-activated by the e x perimenter t o start the 

test sequence where a IS-second complex slide was followed 

by an appropriate simple slide for 10 - seconds and then 

the same complex slide again until the subj ec t r esponded 

or for 3 minutes if he did not r espond . Both instances 

signalled the BRS 300 t o flash the next complex slide ont o 

th e projection scr een. This sequence was c ontinued un-

interrup t ed f o r 2 - h ours. 

T,~o blank f l -3.shes occurred on the pr oj ectio n 

screen. The first was between the last practice trial and 

the switching off of the equipment. This was because the 

BRS 300 could not be stopped immediately after the last 

practice trial so th,1t the next image pr oj ecteri Has a test 

figur e and not a blank flash. Another blank flash occurred 

between sl.;itching the BRS 300 on a nd activating it because, 

Hhen the new trays of t es t slides were fitted, their first 

space, slot 0, did not contain the first slide t o be pro­

jected. This was in slot 1. 
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RESULTS 

The graphs produced by the Three-Pen Recorder were 

divided into quarter-hour segments. Thc number of responses, , 
average reaction time , the number of errors, the percentage 

of false reports, and the percentage of signals (simple figures 

occurring in complex figures) missed were read for each subject 

for each ~-hour and tabulated. The means of these scores on 

each ~-hour for the 2 subjects tested were calculated, tabula-

ted, and plotted against ~-hour divisions on graphs to outline 

the averagc trends of results. Time on the task in eight 

~-hour segments is on the horizontal axis while the particular 

variable being considered is on the vertical axis of each 

graph. 

DISCUSSION OF TABLE 3 h ND GHJ.pr:S 11\ TO lE 

AVERAGE N11,1 BER OF RESPONSES (GRf, PH IiI., PAGE 102) 

The ':lverage number of r e sponses r ,':lnged between 35 at 

'!; 'he ~ and ~ -hour marks and 42 at the la-hour mark with n'n' av-

erage of 38,19 respo nses per quarter-hour. ' The difference be-

tween the beginning and en<: results was 5 r 'csponoos. The 

average number of responses increas ed 6"er ti"'le from 36,50 at 

,the ~-h:: ur m,,,rk t ·, tfl,50 "t the 2-hr ur 1Iw.rk. 

'Reaction time was measured from the beginning 
of each sequence of complex, simple, and complex slides until 
the subject responded or for 3-minutes whereupon a new se­
quence would begin with its own reaction time. 
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AVERAGE REACTION TIME IN SECONDS (GRAPH 1, PAGE 103) 

The average reaetion time in seconds ranged be­

tween 21,46 at the l~-hour mark and 25,80-seconds at the 

~-hour mark with an a verage of 23,80-seconds per quarter-

hoUr. The difference between the beginning and end re-

sults was 2,94-seconds. Average reaction time in 

seconds declined over time from 24,66-seconds at the ~-hour 

mark to 21,72-seconds at the 2-hour mark. 

AVERAGE NUMBER OF ERRORS (GRAPH lC, PAGE 104) 

The average number of errors ranged between 8 

at the l~-hour mark and 11 at the ~ and ~-hour marks with 

an average of 9,31 errors per quarter-hour. 

The difference between beginning and end r e sults 

was 1 error . There was a n unsteady decline in the 

average number of errors over time from 11 at the ~-hour 

mark to 10 at the 2-hour mark. 

AVERAGE PERCENTAGE OF FALSE REPORTS (GRAPH lD, PAGE 105) 

These ranged between 5,73% at the l~-hour mark 

and 26,57% at the ~-hour mark with an average of 12,23% 

per quarter-hour. The difference between the beginning and 

end results was 14,90%. The average percentage of false 

reports declined over time from 21,69% at the ~-hour mark 

to 6,79°6 at the 2 -hour mark. 
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AVERAGE PERCENTAGE OF MISSED SIGNALS ( GRAPH IE, PAGEI06) 

This ranged between 44,23% at the lil-hour mark 

and 68,33% at the I-hour mark with an average of 56,10% 

Der quarter-hour. The difference betHcen the beginninp; and 

end results was 12,28%. The nverage percentage o f signals 

missed increased over time from 50,50% at the ~-hour mark 

to 62,78% at the 2-hour mark. This increase was by no 

means smooth. 

CONCLUSIONS 

Subjects showed a rise in the percentage of 

missed signals, a decline in the percentage of false re­

ports, number of errors and a decline in reaction time with 

an accompanying increase in the number of r esponses 'lith 

the progression of time o n the task. The increase in the per-

c e ntage of missed signals was of critical importa nce to 

show performance decline . 

By consulting subjects after the task it was 

found that they had been able to associate c omplex and 

simple figures after repeated presentations ,and knew which 

simple fi gure t o l ook for in each c omplex figure before the 

simple figure's presentation . It is Doss ible tha t this 

evidence of learning influenced performance. Th e practicc 

of pr o j ecting th c c omplex figure first and then the simple 

figure a nd then the complex fi gure again o n each tri a l was 

intended by Vii tkin (1950) t o impr e ss the t otal comp l ex 

pattern upon the subject,and t o d is courage searching f or a 

specific sim~le figure. He intended this procedure t o 

increase/ .. . 
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increase the attenti on t o the overall c omp lex pattern and 

so t o increa se the t a sk's d ifficulty . In the pr e s ent 

task, the subj e cts were able t o learn whioh c omp lex fi gur e 

acc ompani ed which s imp l e fi gure b ecause the s ame c omp l e x 

fi gur e s were prese nt ed a numbe r of time s , a s oppos ed t o 

Witkin's t a sk Nhere each Wi'l S pr e s e nted o nce . Co ns equently, 

after a f ew repetit ions subjects wer e ab l e t o l ook f or the 

a nticipate d simp l e fi gure in the c omp l e x fi gure b e f or e t he 

simDl e figure I.a s pr esented t o them. This s erve n t o de ­

creas e their respons e time . Aft er a Nhile the y c ould 

t e ll by a mere g l a nc e at th e c omp l ex fi gure whe ther o r not 

it would c o ntain the a ppr opria t e simp le f igure . For this 

r eason the first lS-second pr esenta tio n o f the complex 

figur e was disc ontinued and the BRS 300 Ha s re pr oerammed in 

an eff ort t o obtain performa nce d ecrcment. The r evis ed 

a ppar a tus a nd pr ocedur e t o c onduct a s e c o nd pilo t study f or 

the rcasons give n above t ook th e f orm d ocument ed in the 

f o llowing chapter. 
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Table 1.. Subject Number , 
L • 

~Time in Number Average Number Percen - Percen-
uarter1 - of f-eaction of tage of tage of 

Hour ~ime in False Missed 
Divisions Responses Seconds Errors 

Signals Reports' 

,~ 37 24,32 10 15,38 54 ,55 

i 38 23 ,68 11 7,69 75,00 
] 40 22,50 10 7,14 66,67 

1 4l 21,98 8 0,00 66,6 7 

l ' " 40 22,50 8 3,45 63,64 
, 1 
..!...2 40 22,50 10 10,71 53,33 

la 42 21,46 8 6,67 50,00 

2 43 20,93 11 6,67 62,23 

Table 2 • Subject Number 2. 

Tl me Nur!bcr Average Number Percen- Percen -
Quar. t er - of Reaction of ta"ge tage of 
Hour Response! Time in Errors of False Hissed 
Divisions Seconds Rcpor-ts Signals 

~ 36 25,00 12 28,00 Q·5,45 
, 

32 27,91 11 45 ,~. 5 20,00 ~: 

8 30 30,00 8 19,05 44,44 

1 34 26,47 11 16,67 
I 

70,00 
., , 
.1-4 36 25,00 8 8,00 54,55 

1; 40 22,50 8 3,57 58 ,33 

L'; 42 21,46 8 10,34 38,46 

2 40 22,50 9 6,90 63,33 
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Table 3 
Average Observed Results of Subjects 

Numbers 1 and 2. 

Average Observed Results 

Time in .! Average Mean of Average Average 
Quarter - Number the Average Number Perc en-
Hour of Reaction of tage of 
Divisions Responses Time in Errors False 

Seconds Reports , 
36,50 24,66 11 ,00 21,69 " ~ 35,00 25,80 11 ,00 26,57 

a 35,00 26,25 8,50 13 ,10 
1 37,50 24,23 9,50 8,34-
1~ 38,00 23,75 8,00 5,73 
1~ 4-0,00 22,50 8,50 7,ll 
lc 4-2,00 21,46 8,00 8,51 
2 41,50 21,72 10,00 6,79 

Average , 
per 4 - 38,19 23 ,80 9,31 12,23 
Hour 

Difference 
Between 
Beginning 5,00 2,94- 1,00 14,90 
and End 
Results 

I 
I , I I 
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I 
Average 
Percentage 

of 
Missed 
Signals _. 

50,50 
47,50 
55,56 
68,33 
59,10 
60 , 83 
4-4,23 
62,78 

56,10 

I 
12,28 I 
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FIG. 10 GRAPH 1 B FOR TABLE 3 
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FIG. 1 0 GRAPE 1 C FOR TABLE 3 
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FIG. 1 0 GRAPE 1 D FOR TABLE 3 
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CHAPTER V 

SEconD PILOT STUDY usmc; THE FIRST REVISED 

METHOD 

There was no change in apparatus from the first 

method except for the re-programming of the BRS 300 to 

accommodate the new scheme of slide presentation. That is, 

the first projection of each complex slide for 15 - seconds 

was discontinued. After reprogramming the BRS 300 it was 

no longer necessary to place simple slides 2 slots apart 

in their slide tray as this tray now moved one space- p~Y' t rial 

in harmony with the tray of complex slides. [see Appendix 

3 for a detailed description of the circuitry employedJ 

Accompanying this discontinuation of the IS-second presen-

tation was a change in procedure and instructions. There 

were no changes in SUbject selection or the presentation and 

discuss ion of results except that only 1 subj ect ~1aS tested 

in the second pilot study. 

PROCEDURE 

The foll owing revised instructions were read to each 

subject 
You are/ ..... 
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You are going to be shown a s eries 
of geometric designs o n the screen be­
f ore you. Th e designs will be white 
outlines on a black background. You 
will be shown a simple or smaller de­
sign and the n a complex or larger de­
sign, the simple or smaller design 
may be contained in the l arger design. 
Yo ur task will be t o indica te the 
presence or absence of the smaller 
figure in the complex design. When 
present, the simple o r smaller figure 
will always b e in the same upright 
position, size and shape originally 
presented to you. This is the figure 
you must search for and respond to 
when located by pressing the re­
sponse button on your l eft (Figur e 
Yes); if you decide the simple figure 
is not present, press the button on 
your right (Figur e No ). If you 
have not located the simple figur e 
within 3-minutes a new simple figure 
will automatic a lly be flashed onto 
the screen t o replace ~h§ complex figure . 
.'\vpid&,u,?ssing :m"i vJork as . .quickly and 
accurate l y as you can as your score 
will depend upon the speed a nd accuracy 
of your responses. You may no t 
trace th e figures out manually. 

You will now be given 2 practice 
tri a ls : the first showing an example 
of a complex fi gure where the smaller 
is prese nt and the second where the 
same smaller figure is absent . 
Throughout the study a number of 
different smaller or simpler and com­
plex or l arger fi gures will be used. 

On the tabl e before you are ear­
phones from a White Noise Generator, 
these must be worn t o cut ou t ex­
traneous sounds. You may not smoke 
and must surrender your watch for the 
duration of the task. Ar e ther e any 
questions? [Experimenter ans wered 
questions::J . You .Jill have further 
opportunity for 1uesti ons after your 
practice session . I will leave the 
r oom now with th e door closed and 
the light sl.Jitched off. Your prac­
tice session will follow. Put on 
your earphones. 
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After taking possession of the subject's 

watch the experiment er left the test room after closing the door 

Qnd switching the light off. In the control room the BRS 

300 Ha s activated and the subject \"as shmvn the practice 

simple figure P for 10-seconds. When it was removcd P-l, 

th~ first pr actice complex figure, was shown until the sub­

ject responded or for 3-minutcs if he did not respond. 

P was then projected again for 10-seconds and then PIa, 

the second complex practice figure,was projected until the 

subject responded by pressing one of the 2 response switches 

or for 3-minutes if he did not respond. 

There were no further changes in procedure except 

that in the test, as in the practice trials, the BRS 300 

initiated each sequence of slides which began with a 10 -

second simple slide f o llowed by an appropriate 3-minute 

complex slide or until the subject responded. 

DISCUSSION OF TABLE 5 AND GRAPHS 2A TO 2E WITH A 

COMPARISON BETWEEN GRAPHS lA TO IE AND GRAPHS 2A TO 2E 

Graphs lA and 2A, lB and 2B, and lC and 2C could 

not be compared regarding the average performance per ~-hour 

for 2-hours as the initial l5-second presentation of the 

complex figure had been discontinued for Graphs 2 

NilllBER OF RESPONSES (GRAPH 2A, PAGE 117 ) 

The nUr:lber of responses ranq;cd bct,,'een 42 a t the ~ -

hour mark and 53 a t the 1 and l~-hour marks Hith an average (",f 

48,38 per quarter-hour. The difference between the be-

gi nning and end results was 10. 
There! ... 
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There was a rise in the number of responses over time on 

Gr~ph 2 A from 42 at the t,-hour mark to 52 at the 2-hour 

mark. 

The lowest number of responses occurred at the ~ 

and ~-hour marks in Graph 1 A and at the ~-hour mark in 

Graph 2A ; the most responses in Graph 1 A occurred at the 

11-hour mark while in Graph 2 A it occurred at both the 1 

and l~-hour marks. Graph 2 A shOvled a wider difference be-

tween the beginning and end results, namely 10 as opposed 

to Graph 1 A IS 5. Graph 1 A like Graph 2 A shOI'led an 

overall increase in the number of responses over time. 

AVERAGE REACTION TIME IN SECONDS (GRAPH 2B, PAGE118) 

Average reaction time in seconds ranged between 

16,98 at the 1 and l~-hour marks and 21,46 at the ~-hour 

mark with an average of 18,77-seconds per quarter-hour. The 

difference between the beginning and end results was 4,15. 

There was a decline in the average reaction time over time 

from 21,46-seconds at the ¢-hour mark to 17,31 at the 2-hour 

mark. 

The highcst average reaction time in Graph 1 B 

occurred at a of an hour and at thc l~hour mark in 

Graph 2 B; the lowest occurred at l~-hour mark in 

Graph 1 B and at 1 and l~-hour marks in Graph 2 B. The 

difference between the bCF,inning and end results of Graph 1 B. 

was 2 , 94-seconds and for Graph 2 B it was 4,15-seconds. 

Both Graph 1 B and Graph 2 B showed a decline in average re­

action time over time. 
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NU11BER OF ERRORS (GRAPH 2 C, PAGE 119 ) 

Number of errors ranged betvwen 2 at the ~-hour 

mark and 24 at the If.-hour mark with an average of 13 pcr 

quarter-hour. The difference between the beginning and 

end results was 7. There was an increase in the avcrage 

number of errors over time from 16 at the ~-hour mark to 

23 at the 2-hour mark. 

In Graph 1 C the least crrors occurred at the 

l~- and. the l~-hour marks (.,hile in Graph 2 C th ey occurred 

at the ~-hour mark. The maximum number of errors was 

found at the ~ and ~-hour marks in Graph 1 C \.]hile at the 

l~-hour mark in Graph 2 C. The difference between the 

beginning and end results was greater for Graph 2 C with 

it being 7 errors a s opposed to 1 for Graph 1 C. Graph 

1 C thus showed a slight decline in the average number of 

errors over time while Graph 2 C showed a large rise. 

PERCENTAGE OF FALSE REPORTS (GRAPH 2 D, PAGE 120) 

The percentage of false reports ranged between 2,70% 

at the l-hour mark and 61,54% at the ~-hour mark with an 

average of 18,81% per quarter-hour as opposed to Graph 1 D's 

12,23% The difference between the beginning and end results 

was 34,51 . '·. li: 1' ''1l~ r there "as il stendv r ise f r 0m i:tfter the 1-

hour ~ark false reports declined ov er time rrom nl,54% at the 

~-hour mark to 27,1),'. a t the 2·hour mark. 

The hip,he st percent~~cs of fals e r e~orts occurred at 

the ~-hour mark in Granh 1 D and a t the ~-hour ~ark in Gra uh 2D ; 

the lowe st pcrcent'lo;es occurred at thc 2,;:-houX' mi'.X' J ~ in Graph 

1 D and at the l-hour mark in Grap h 2 D. The diff erence between 

be g inninr, 
112. 
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and end results was l ess f or Graph 1 D with a fi~lre of 

14,90% as oppos ed to Graph 2 D's 34,51%. Both graphs 

thus showed a d e cline in the pcrcentao;e of fa ls e reports. 

PERCENI'AGE OF tlISSED SIGNALS (GRAPH 2E, PAGE 121) 

The percentage of missed signals r anged between 

0 ,00% a t the ~ -hour mar k and 88,24% a t the l 1-hour mark 

with em a ver age of 56 ,6 4% per quarter-hour as oppo s ed to 

Gr aph 1 E's 56,10%. The difference between the beginning 

and e nd results was 25,13%. A rise in the perc ent age of 

missed signals occurred over time from 61,54% a t the ~-hour 

mark to 86,67% at the 2-hour mark. 

The Im-lCcst percentages were at t he 1 'i-hour !'lar k in 

Graph 1 E and the ~ -hour mark in Graph 2E ; the highest percent­

a~es were at " the I-hour mar k in Graph IE a nd the l :t-hour mark 

in Graph ,2 F . Th e 'differerrce betweerFthe' beginning and end 

r esults was p;reat er forGX"aph 2 E wit h it beinS 25,13°; as 

cpposed to 12 , 28 '1; for Graph 1 E: '" 'Thus',botn gr'aphs :;fh6't',ed an 

i ncr ease in .. the percenta'7g'e ,of ' :,misseCl s'ighill's 'over time. 

CONCLUSIONS 

Graphs 2 A t o 2 E shmved wider differences between the 

beginning and e nd results for all the reading s than dic;l, p:r aphs 

1 A t o 1 Eo Gr aph 2 A showed a higher over a ll number of 

responses (4 8, 38) per quarter h our than Graph 1 A (3 8,19 ) 

but this vIa s Dr obably the result of the r emoval of the ini­

tial l5-s econd display of the complex f i gur e. 

The / ... 
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The average reaction time per quarter-hour was lower f or 

Graph 2 B (18,77-seconds) than f or Graph 1 8 (23,80) a nd 

was rela ted directly t o the greater numbe r of responses .3.S 

stated above. Graph 1 C's lower average number o f errors 

per ¢-hour could also be attributed to less signals o ccurring 

within each ¢-hour period. Graph 2D t o 2E showed the followinr, higher 

results which were in the direction of decrement of performance over 

time (Table 4): Graph 1 I Graph 2 

Percentage of False Reports 12,23 18,81 

Percentage of Missed Signals 56,10 56,64 

I 

Table 4. Compariso n of Observed Average Scores per ¢- Hour 

from Graphs 1 and 2. 

All the graphs showed a decline in average response 

time and percentage of false reports, a n increase in the 

numb er of responses and percentage of missed signals. 

Graph 1 C h owever showe d a decline in the number of errors 

while Graph 2 C showed an increase. Graph 2 A t o Graph 

2 E mer e ly served as indicators of the possible direction 

of results as the scores reflected on them were those of 

only 1 subject and so were not repre senta tive. These graphs 

were used to indicate whether the task was now more complex 

than tha t reflected in Graph 1 A to Graph 1 E and were us ed 

t o construct the procedure giving rise t o the results re-

fleeted in Graph 3 A t o Graph 3 E. 

The results of the first revised method in Graphs 

2 A to 2 E thus show results towards the ri ght direction, 

name ly/ . .. 
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namely decrement. It was decided to attempt t o accelerate 

this movement by increasing the task's complexity even more 

by increasing the number of complex slides randomly presented 

from 80 to 162. It was hoped that the subjects would now 

find it more difficult to learn the temporal regularity 

of simple figures. They would therefore have t o attend 

consistently and <not rely upon memory of the sequence of 

simple figures. In other words, the subject, could no 

longer disregard the initial period of simple figure presen-

tat ion. Further, because there was now an increase in the 

number of complex slides used, the probability with which 

the simple slides occurred in the complex slides decreased 

and so possibly raising the possibility of performance de-

crement. It was hoped that the above aided by the discon-

tinued first presentation of the complex figure, would lead 

to performance decrement. A third pilot study was conduc-

ted for same reasons as the first. 
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Tab l e 5 Subj ect Number 3 

f---- ---- - - -- - --
Obser ved Results 

~im c in Num ber Av erag e Humber Perce n- Pe rc e n-
~uart er -~ of Reaction of t age of t age of 
Ho Ur' Di- Rc sponses Tim e in Errors Fal se ;-1 iss ed 
1/ i s i ons Seconds Report s Si g na l s 

-- --- r--- --. ~- .. ~ 

1 42 21 ,46 1 6 61 , 54 61 , 54 Ii 

1 44 20,45 2 1 8 , 1 8 0 , 00 :;: 

3 43 20 , 93 5 3 ) 23 33 ,33 r:. 

1 53 1 6 ,, 9 8 15 2 , 70 8 7,5 0 

l ~ 53 1 6 , 98 1 2 5 45 6 2 , 50 

1} 49 18 , 37 7 5 , 88 33 , 33 

1 ;1. 51 
! 

17 , 65 2 4 2 6 , 4 7 88,2 4 
, 

2 S2 I . 17 , 31 23 27 , 0 3 86, 67 

.- - -

~vcrage l ,, 77 P CI' 1 - 4 8, 3 8 13 18 ,81 5 6 , 64 4 

Hour 

lD i ffer - I 
I 

ence 10 
I 

4 , 15 7 3 .. , 51 25 , 13 
Betwee n 
Beginning I 
a mi e nd ! 

Results I 
I 

I 
, 
I 

! I 
I I 
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FIG 11 GRAPH 2 A FOR TABLE S 
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FIG. 11 GRAPH 2 B FOR TABLE 5 

AVEPv,GE RE,\CTION TIi1E I N SECOl\1])S 
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FIG. 11 GRAPH 2 D FOR TABLE 5 

PERCENTAGE OF FALSE REPORTS 
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CHAPTER Yl 
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CHAPTER '1.1 

THIRD PILOT STUDY USING TEE SEC'OND REV rSED i1ETHOD 

In the third pilot stuny chanf,es fr om the first 

revised method were in apparatus where the number of slides 

was increased and s o the h a n d ling of the slide trays was 

somewhat modified. Al so , a sample of ~ subj ects was t e sted 

and so the results tabulated and shown on the graphs were 

the average r esu lts of ~ subj ects and no t just the results of 

1 subject a s in the second p ilo t study. 

APPARATUS 

2 TWO KODAK CAROUSEL S PROJECTORS 

The projector projecting simple t es t slides use d 

1 tray filled with 81 simple t e st slides o f 8 simple test 

patterns--in r a ndom order. The proj e ctor proj e cting c omplex 

slide s used 2 slide trays each containing 81 test slides of 

complex test figures. 

123. 
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The modification to the slide trays necessitated 

that when the 2 trays of complex slides ,.,e::oe interchanged 

the space on the new tray marked 0 , that is, the s pace f o r 

either complex slide number 81 or 162 was left blank. 

While simple slide number 81 or 162 (the same simple slide ) 

was being projected for la-seconds by Projector I with 

complex slide number 81 or 162 r e s pectively p o sitioned for 

prejection in Projector 11, the tray which contained this 

appropriate complex slide was removed and the other posi­

tioned in its place. ConsequentlY,after the subject's 

response either complex slide number 81 or 162 slip ned up 

into slot 0 of the new tray and slide 82 or slide 1 re-

spectively was projected next. While complex slide 1 was 

being projected complex slide 162 was removed from slot 0 

and replaced by complex slide 81 according t o its numerical 

position: while complex slide 82 was being projected com­

plex slide 81 was removed from the space marked 0 and re­

placed by complex slide 162 according to its proper numeri­

cal position in the tray. 

3 SLIDES 

Instead of 8 simple test slides 81 were now used. 

That is, each simple figure appeared 20 times for 162 com­

plex slides except B, which appeared 22 times as complex 

slide s 81 and 162 were preceded by simple slide B. Th e 

extra slides were mad e the same way as before, 

Some I, , . 
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Some of them, and some of the originnl 80 were changed fr om 

east to west and north t o s outh t o create more new complex 

figure s . [8 ,e Tab le 47 for order of simple a nd complex 

figuresl [ See Appe ndix 9 for d i agrams of figures J 
. ~-

DISCUSSION OF TABLE 12 AND GRAPHS 3A 

TO 3 E WITH A COMPARISON BET~~EN GRAPHS 

I ll. TO IE, 2A TO 2E, AND 3A TO 3E 

Graphs 1 A to 3 A, IB to 3 B, and 1 C to 3 C c ould 

not b e compared regarding average performance per ~-hour 

for 2-hours as the initial IS-second presentation of the 

complex figur e had been discontinued for Graphs 2 and 3. 

NUMBER OF RESPONSES (GRAPH 3A, PAGE 13 6) 

The number of responses ranged b e tween 37,25 at the 

~-hour mark and 44 at the l ~ -hour mark with an average of 40,16 

responses per quarter-hour. The difference between the 

beginning and end results was 3,50. There was an increase 

in the number of responses over time on Graph .3 A 

from 37,25 responses a t the ~-hour mark to 40 , 75 at the 2-

hour mark. 

The most response s on Graph 1 A occurred at the l~­

hour :mark while they occurred at both the 1 and If.-hour marks 

in Graph 2A and at the If-ho ur mark o n Graph 3 A. The low-

est number of res ponses occurred at the ~ a nd ~-hour marks 

in Graph 1 A, and a t the ~-hour Marks on iraph 2I\' and Graph 3A. 

The difference betwee n the beginning a nd e n d r e sults for 

Graph 1 A wa s 5, f or Graph 2 A was 10 and f or Graph 3 A 

it / ... 
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it was 3,50. All three graphs showed an increase in the 

average numberof responsec over time. The average was 

48,38 per ~-hour f or 2-hours for Graph 2 A followed by 

Graph 3 A with 40,16. The decline in responses in Graph 3A 

as opposed to Graph 2 A possibly indicated an increase in 

diffieul ty. 

AVERAGE REACTION TIME IN SECONDS (GRAPH 3B, PAGE 137) 

The average reaction time in seconds ranged be­

tween 22,31 at the la-hour mark and 26,36-seeonds at the ~ ­

hour mark with an average of 24,39-seeonds per quarter-hour. 

The difference between the beginning and end results was 

1,72-seconds. There was a slight decline in average reac-

tion time over time on Graph 3 B from 25,44-seconds at the 

¢-hour mark to 23,72-seconds at the 2-hour mark. 

The highest average reaction time per ~-hour in 

Graph 1 B was at a of an hour and at the !-hour mark 

in Graph 2B; in - GraI';h 3 B it occurred at ~ of an 

hour. 

mark 

The lowest average reaction was at the la of an hour 

in Graph 1 B, at 1 and l~-hours in Graph 2 B,and at 

Il-hours in Graph 3 B. Graphs 1 B, 2 B, and 3 B all showed 

a decline in average reaction time over time. The difference 

between the beginning and end results were fairly close in 

all 3 Graphs: it being 2,94 in Graph 1 B, 4,15 in Graph 2 B 

and 1,72-seconds in Graph 3 B. The average 

reaction time per ¢-hour for 2-hours of 24,39-seconds for 

Graph 3 B was longer than Graph 2 B's 18,77-scconds, 

thus/ ••• 
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thus indicating that the pr esent task was now possibly more 

complex as the subjects were taking longer to respond. 

NUMBER OF ERRORS (GRAPH 3 C, PAGE 138) 

The number of error s ranged between 8 at · 

the a-hour mark and 12,75 at the ~-hour mark with an average 

of 10,06 per quarter hour. The difference be tween the be-

ginning and end results was 1,25. The nul'" b cr. o r 

errors declined fr om 12 ,75 at the ~-hour mark to 11,50 

at the 2-hour mark. 

In Graph 1 C the l east errors occurred at the l~­

and I t. -hour marks, in Graph 2 C they occurred at the ~ 

hour mark while in Graph 3 C they occurred at the ~-hour 

mark. The maximum number of errors occurred in Graph 1 C 

at the ~ of an hour mark, in Graph 2 C at the l~-hour mark 

while at the ~-hour mark in Graph 3 C. Graphs 1 C and 3 C 

showed only a slight decline in the number of errors 

over time while Graph 2 C showed a rise. The difference be-

tween the beginning and end results was 7 errors and 

so greatest for Graph 2 C f ollowed by Graph 3 C with 1 , 25 

errors and by Graph 1 C with 1 error. The average number of 

errors per ~-hour for 2-hours was 13 for Graph 2 C, and 10,06 

for Graph 3 C. Though Graph 2 C showed a higher 

number of errors than Graph 3 C it was not a r e liable score 

as this graph only r eflected the results of 1 subject . 

Further,the task's repetitive nature with the same order of 

sequence/ ... 
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sequence of 8 simple figures made the task less complex 

than that reflected on Graph 3 C but more complex than that 

on Graph 1 C as the initial IS-second presentation of the 

complex fifure had been discontinued. 

PERCENTAGE OF FALSE REPORTS (GRAPH 3 D, PAGE 139) 

The percentag e of false reports ranged be-

tween 13,99% at the ~-hour mark and 32,20% at the ~-hour 

mark with an average of 21,45% per quarter-hour. The 

difference between the beginning and end results was 10,86%. 

There was a slight decline in the percentage of false re­

ports from 32,20% at the ~-hour mark to 21,34% at the 2-

hour mark. 

The highest percentages occurred at the ~-hour mark 

in Graph 1 D and at the ~-hour mark in GraDh 2 D and Graph 3 D: 

the lowest percentages occurred at the 2-hour mark in Graph 

1 D,at the I-hour mark in Graph 2 D,and at the &-hour mark 

in Graph 3 D. All graphs showed a decline in the percentage 

of false detections over time with Graph 2 D showinc the 

most difference between beginning and end results with a 

figure of 34,51%; Graph 1 D followed with 14,90% and Graph 3 D 

showed the least decline with 10,86% The average percentag -

es of false reports per ~-hour for 2-hours were 18,81% for 

Graph 2D, 12,23% for Graph 1 D, and 21,45% for Graph 3 D. 

PERCENTAGE OF MISSED SIGNALS (GRAPH 3 E, PAGE 140> 

The percentage- of missed signals ranged 

between! ... 
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between 50% at the l~-hour mark and 69,76% at the 2-hour 

mark with an average of 58,20% per quarteT-hour. The 

difference between the ber,inning and the end results was 

14,29%. There was a n increase in the perc entage 

of missed sir,nals over time on Graph 3 E from 55,47% at 

the ~-hour mark to 69,76% at the 2-hour mark. 

The lowest percentages occurred at the l~-hour mark 

in Graph 1 E, the i-hour mark in Graph 2 E pnd the It.-hour 

mark in Graph 3 E : the highest percentages were a t the 1-

hour mark in Graph 1 E, the l~-hour mark in Graph 2 E,and 

the 2-hour mark in Graph 3 E. All 3 Graphs showed a rise 

in the percentage of missed signals over time with Graph 2 E 

showing the greatest rise Hith a difference of 25,13% be­

tween beginning and end results; Graph 3 E f olloHed with a 

difference of 14, 29% and Graph 1 E showed the least differ ­

ence with a reading of 12,28%. The average perce nta8e of 

missed signals per t,-hour for 2-hours was 58,20% f or Graph. 

3 E, 56,64% for Graph 2 E,and 56,10% for Graph 1 E. 

The results thus tended towards the ri~ht direction, 

namely performance decrement. 

CONCLUSIONS 

Dat a ~ave no evidence that re peating the 162 slides 

facilitated performance on the r epeated slides. 

Graph 3 B's increase in average r e sponse time per 

t,-hour for 2-hours with time on the task over Graph 2 B 

indicated! ..• 
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indicated an increase in difficulty and decrement of per­

formance ; Graph 1 B coul~ not be compared here due to the 

additional time taken in the IS-second preview of the com­

plex figures which cut down on time~hich,in Graph's 2 B 

and 3 B,had been spent on responding to additional fi~ures. 

The same reasoning could be applied to the least number of 

responses occurrin~ in Graph 1 A· The decline in number of 

responses over time in Graph 3 A as opposed to Graph 2 A 

once again possibly indicated an increase in difficulty and 

decrement in Graph 3A. Similarly, the least average 

number of errors per ~-hour for 2-hours occuring in Graph 

1 C (9.31) could also be attributed to this initial 15 -

second presentation of the complex slide. The highest 

reading was for Graph 2 C (13) while for Graph 3 C it was 

10,06. 

It must be remembered that Graph 2's results were 

not representative and only served as a tentative indica-

tor of the direction of results. The direct comparison 

was therefore between Graphsl and 3. Graph 3 has shown 

greater performance decline over time than Graph 1 as 

illustrated in the followin p; table (Table 6) where Granh 3 

showed a greater decrement in the number of errors and in the 

percentage of missed signals, a nd a lesser improvement in 

the percentav,e of false reports. 

Once again the task likely to show r,reater con­

sistent decrement over time was that represented in Graph 3 

where all averages were hiv,hcst. 
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bifference Between 

Beginning and 

Graph 

1 

Graph 

3 

! Decrement in 

Graphs 
End Results 

INumber of 

I 
Errors 

Percentage of 

!F al se Report s 
! 
IPercentage of 
I 

jissed Signals 

1 
J 

3 

1 1,25 

16,90 10,86 

14,29 i Yes Yes 
! 

12,28 

TABLE 6 Difference Between the Average 

Observed Scores at the ~ and 2-

Hour !-larks on Graphs 1 and 3 . 

i 
I 

I 
I 
i 
I 
I 
I 

I 
I 

I 

On the face of it therefore, Graph 3' s method is more 

likely to produce decrement. 

Another useful table is the one below (Table 7) 

showing the average performance per ~-hour for 2-hours on 

the percentages of false reports and missed signals for 

Graphs 1 and 3. 

verage Performance : Graph 1 i Graph 3 ~
---. ..-.... - ..... -.-- .... ----,---- .. -...... -...... -_··--·-1· 
per ~-Hour I i I 

ipercentage of False 

! Reports 

iPercentage of Missed 

Signals 

12,23 

56,10 

21 , 45 

58,20 

TABLE 7 Observed Overall Aver ages per ~-Hour on Graphs 

1 and 3. 
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Graphs 3 A to 3 E with the second revise1 method have 

not yielded results as widely different fr0m Graphs 1 A to 

1 E as indicated by Graphs 2 A to 2 E. l'hat mi~ht have 

had an effect was that 2 subjects .lcre used in the samDle 

for Graphs 1 A to 1 E while 4 subjects were used in thc sample 

for Graphs 3 A to 3 E. It was dec i ded h owever t o c o ntinue 

experimentation with the second revised method to ascertain 

whether performance decrement over time in fact occurred in 

a task of the present nature. In addition to the 4 subjects in 

the third pilot stu1y, a further 26 subjects were used, 

brinf-ing the total to 30 subjects. 
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Table 8 Su bj cct Number 4 
-

Time in Number Averag e Number percentag , Perc entage 

Quarter- ,of Reaction of of false of Missed 

Hour IR~sPOtfSes ,Time in Er:r.br. 5 Reports 
j 

Signals , 
! 

Divisions
j
_ Seconds I 

~ 
: I 

'. 30,00 
I 

30 ,00 12,00 34,62 75,00 
, 

31,00 29,03 13,00 35,71 100,00 " i1 26,00 34,62 9,00 30,43 I 66,67 .: 

1 22 , 00 40,91 7,00 29,41 50 , 00 

1~ 25,00 36,00 5,00 22,73 0, 00 

1~ 26,00 i 34,62 12,00 I 33,33 100,00 

I 
I 

lil 26,00 I 34,62 12,00 

! 
62 , 50 66,67 " 

I 
, 

2 i 27 , 00 33,33 7 , 00 21 , 74 50 , 00 , 
1 i I , 

I 

Table 9 Subj ect Number 5 

i I 

poroontagol Poroontago Time in 

I 
-llulriher Averagc ! Nuinb elii: 

Quarter _ 
of Reaction ! o f' of false of Hissed 

Hour Time in 
Itrror s 

IReports Signals 

Divisions Respon's'e s ! 
Seconds I 

4 29,00 31, 0 3 9 , 00 28 ,00 , 50,00 

! 38,00 23,68 I 2,00 1,43 I 0,00 

I i1 41,00 21,95 8,00 9,38 I 55,56 
" 
1 38,00 23,68 10,00 24 , 24 40,00 

I I 

l¢ 34,00 26,47 14 , 00 

I 
28,57 1 100 ,00 , 

1~ 36,00 ! 25,00 I 5,00 11 , 43 50,00 
; 

I H 44,00 I 20 , 45 I 14 ,00 I 27,03 57,14 

35,00 I 25,71 I 14,00 32 , 14 

I 
71 ,43 i 2 I , 

I , , 
I I I I I ; 
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Table 10 Subject Number 6 

Tim e i n Number Average Number Percen - Percen-
uarter - of iReaction of tage of tage of 

lHour ~ime in False Missed 
Pivisions Responses Seconds Errors 

\Reports Signals 

~ 51,00 17 ,6 5 12 ,00 20,45 46 , 8G 
1 58,00 15 , 52 10 ,00 6.,00 87 , 50 2 

?: 58,00 15 , 52 12 ,00 8,16 28)39 

1 56 J)O 16 , 07 13 00 14 ,00 1'-00 ,00 

In 55, 0 0 16,3C c, .00 5 , 37 75,00 

1 ~ 58 , 00 15 ,52 10,00 4, 0 0 1'-00 ,00 

1 '~ 57,00 15,79 13 ,00 13 13 11-°0 ;00 

2 54 ,00 16 , 67 10 00 4 ,6 5 90,92 

Tab1e 11 Subj ect Number 7 

~' Number Averag e Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Response: '1" in Errors of False Missed .... lme 

Divisions Seconds Reports Signals 

~ 39 .00 23,08 18,00 45 , 71 SO, OO 

! 38,00 23 , 63 8 ':' 0 20, 59 25,00 
;> 27,00 33,3 3 3,00 8 ,00 12 , 50 ~ 

1 39 ,00 23 08 6,00 14,76 14 ,29 

l~ 45 ,00 20,00 12 ,00 24 , 44 25,00 

l~ 45,00 19 57 10,00 21 ., 43 25,00 

I" 4 9,00 18 , 37 8,00 15,00 22,22 

2 47 ,00 19 , 1 5 15 ,00 26 83 66,6 7 
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Table 12 

Time in 

Quarter -

Hour 

Divisions 

1 
4 , 
::! 

;l. 
4 

1 

1~ 

H 
H 
2 

Average 

per 1 
4 -

Hour 

IDiffer-

enc e 

Between 

Beginning 

and End 

Results 

Average ohserv cd results of subjects numbE:Ted 
4,5,6,7. 

AVERAGE OBSERVED RESULTS 
; i 

Average ::1ean of Av erage Average 
Numb er Thc Avcrage Number Avcrage 

Percent 
of Reaction of Pepce ntage 

ag e of of Responses Time in Errors False 
Seconds Missed 

Reports Signals 

37,25 25,44 12 , 75 32 ,20 55,47 

41,,25 22 , 97 8,25 15 ,9 3 53,13 

38 , 00 26,36 8,00 13 ,99 55,91 

38 , 75 25 , 94 9,00 20 ,6 0 51,07 

39 , 75 24 , 71 10 ,00 20 ,53 50 ,00 

41,50 23,68 9,25 17,55 68,75 

44,00 22,31 11 , 75 29 , 42 61,51 

40,75 23,72 11 , 50 21,34 69,76 

40 , 16 24 ,39 10 , 06 21,45 58 , 20 

, 

I , 
3,50 1 , 72 1 , 25 i 10 ,86 14 , 29 

i 
i 

I I 

135. 



FIG. 12 GRAPH 3 A FOR TABLE l2 
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FIG. 12 GRAPH 3 E FOR Tl\3Ll: 12 
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FIG. 12 GRAPH 3 D FOR TABLE 12 
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CHAPTER Vll 

METHOD 

This chapter will outline h ow the present study \-las 

finally undertaken. 

APPARATUS 

1. BRS 300 and two 24 VDC Power Supplies. 

2. Two Kodak Carousel S Projectors with 100 mm 

lenses to project slides. 

3. Five slide trays containing slides of simp le and 

c omplex geometric fi gures. 

4. Pr o jection Scr een. 

S. Three-Pen Recorder, 2 Labelled Respo nse S.litches. 

6. White Noise Generat or and a pair of Earphones. 

7. Test and Control Rooms. 

1. BRS 300 AND TWO 24 VDC POIVER SUPPLIES 

Th e BRS 300 Series Digibits off e r plug-in l ogic 

modules with s olid-sta t e circuitry. These modules c a n be 

assembl ed into networks with pluggable patch cords by con­

verting the pres e nt atio ns of l ogic functions t o an oDer a tive 

system. All input a nd out put connections are made at jacks 

o n/ ... 

142' 



o n the front panel. All power connections are automatically 

made when the elements are plugged in. 

The BR S 300 (F i g .13) was r>r ogrammed t o co-ordinate 

the operation of the Three-Pen Rccorder, the projection of 

slides by the Two Kodak Carousel S Projectors with 100 mm 

lenses, a nd 2 timer s and l atching relays (Fig .14). This 

produced the f oll owing sequence. Projector number I pro-

jected a slide of a simp le figure for 10-seconds . This 

was followed by Pro jector number II's projection of a com-

p lex figure until the subj e ct responded by closing either of 

the 2 r e s pons e switches or f or 3 - minutes if he did 

not respond. 

, 

Fip;. 13 . The BRS 300. 

This was also the signal t o initia t e the display of the 

next sequence of 2 slid e s (s imple, camp l ex ) . The BRS 300 

a lso / •.. 
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also controlled the 3 pens of the Recorder on which the time 

sequence of the various operations was recorded. This pro-

cedure c o ntinued f or 2-hours without interruptio n. L?ee 

Appe nd ix 3 for a detailed descr iptio n o f circuitry.J 

Fig . 14. 24 VDC Power Supply, Timers 

and La tching Re l ays. 

2. TWO KODAK CAROUSEL S PROJECTORS 

Each circular slid e tray of the Kodak Caro us e l 

S Pro jectors was c o nstructed t o ac c ommodate 80 slides. 

The/ ..• 
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The transparent covers protected the slides against dust 

and damage when not testing. 

Each projector was operated and timed by the BRS 300 

through remote control cables fitted t o the projectors. 

The projector projectinr simple slides ,vas 

allocated 2 slide trays while the one projecting c omplex 

slides was allocated 3 trays. The 3 trays of test slides 

required the modification discussed below. One o f the 

2 trays containing simple slides contained o ne simple prac­

tice slide. For the first practice trial the first 

practice simple figure was inserted in slo t 1 f or the 

first presentation. During the presentation of thc com­

plex figure the simple figure was moved t o slo t 2 for the 

second pres e ntation. After the second practice trial this 

tray and th e tray o f 2 practice complex slide s were remov ed 

and replaced resp e ctively by a tr~y of simple test slides and the 

first of the 2 t:r>ays of c omplex test slides '. The,,·sel!:-ond tray 

of complex test slides was inserted when the slides in the 

first had all been projected, the first tray in turn re-

placed the second and so on. 

The 3 trays containing the test slides were each 

given an extra slot by cutting away the covering of slot 

number O. This enabled continuous slide presentation. 

The projector projecting simple test slides used 1 tray 

fitted with 81 simple test slides of 8 simple test patterns 

in random order. The projector projecting complex slides 

used 2 slide trays each containing 81 test slides of com­

plex test figures . 
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The mod ifica tion to the slide trays nece ssita ted tha t 

when the 2 trays of c omp l ex slides were interchanged the 

s pace marked a on the new tray,that is, the s pac e for 

e ither complex slide numb er 81 or 1 62, was l ef t blank in 

th e new tray. .~ile simpl e slide number 81 or 162 (the same 

simple slide ) was b e ing project ed f or la-seconds by Pr o ­

jector I with c omplex slid e number 81 or 162 respectively 

positioned f or , r o jectio n in Projector II, the tr a y which 

contained thi s appropr i a t e compl ex slide was removed and 

th e other positio ned in its place . Consequently, aft er 

the subject's res ponse , either com p l ex slide numper 81 or 

162 slipped u p into slot a of the n ew tr ay a nd slide 8 2 or 

slide 1 resnective ly was pr o j c cted next. While complex 

slide 1 was b e ing projected c omp l ex slide 162 was remove d 

fr om slot a and repla ced by comp l ex slide 81 accordin~ t o 

its numerical po sition; while comp lex slide 82 was beinF, 

pr o jected c ompl e x slide 81 was r emoved fr om the s pace marked a 

a nd r ep laced by c ompl e x slide 1 62 accordin~ t o it s nroper 

numberical position in the tray . 

The 2 projectors were mounted on a stand one ab ove the 

other in th e c ontrol r oom and pr o jected fr om positions 

above head level of a s eat ed subj e ct. Further, each 

successively pr oject ed images thr ou gh a hatch o nto the cen­

tre of th e screen in the test r oom (Fig . 2). 

3. SLIDES 

Slides of simp le and c omplex ge ometric figures were 

made in the f ollowing way : 

In! .•. 
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In Witkin's (1950) ccllection of fi ~ures each c om­

plex geometrical fipure had its simple geometrical figure 

incornorated into its patterns so that the outline of the 

simple fi gure may form part of the b oundaries of scvera.l 

subpa tterns in the c omp lex fi gure. The present series 

h owever included \oJitkin's comrlex figures (e.g. Fir,. 3b) 

which were the critical si~nals as well as similar fi gures 

int o which the appropriate simc-le fi gures ( e . g . Fig . 3a) 

could not be fitte1. This wa s because one or more of the 

bounrjary lines of the simple fi gures had been omitted and 

other strai ght and 'Navy lines had been 2.rjderl ( e . r, . Fig .3c). 

The wavy lines , t o indicate colour in \'litkin's (195 0) 

straight line drawings, Ivere ke pt to vary the stimuli by 

artdinr, n ot only to the number of lines but a ls o t o the kinrjs 

of lines. The chanr,ing of some of the or iginal 80 fi gures 

from east t o west an1 north to south a l so served t o make 

n ew c omplex fi~urcs . These additic,nal slides provided the 

non-critical c omponent of the vigilance task. ' For the 

present study fi~res were drawn in black ink on white paper 

in sizes relative t o vlitkin's (1950) figures hut maf1nified. 

These , vlhen proj ected , were 12 times b igger than Hi tkin' s. 

The present practice task consisted of Ylitkin's practice 

simple fi~ure with 2 practice complex figur e s , the practice 

simp l e fi gure being inc or~orated o nly into Witkin's original 

practice complex fi gure. The test consisted of I-litkin.ls 

8 simple designs on 81 slides of simp le figures and 162 

c omplex fi gures consisting of vii tkin' s or i ginal 24 c om­

p lex test figur e s a nd the add itiona l similar ones. 

Only/ .. , 
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Only in Witkin's original 24 complex test figur es were simple 

fi gure s incor porated. Each simple fi gure a ppeared 20 times 

for the 162 complex slides used except B, which appear ed 22 

times, as c ompl e x slid es 81 and 162 were pr eceded by simp le 

slid e B. 

These pr actice and test fi r-ur e s wer e phot ogr aphed in 

the f oll owin p; way: 

The mid - po int betlvee n the reading s of a light -

meter for black and whit e pa per was t a ken as the f stop 

f or the camer a . This was f 5, 6 . At a dista nc e of 1,9 

f eet v ertica lly a bove the fi gures, using black a nd white film 

of 400 ASA with the c amera s e t at the ab ov e .f st op , the 

fi~ure s WE:Te 
1 

s peed of 125 

ph ot ographed in d iffuse sunli.r;ht with a shutter 

s ec ond . Each s pool of film \"as the n dev e -

l oped f or l 2-minut e s using Kodak D-76 d ev e l oper , washed in 

a stopbath of 3% acetic acid) fixed f or 4-minutes in Amf i x, 

washed in water f or 10-minute s t o c l ean, a llowed t o dry , and 

the n cut into slides. These slides, when proj e ct ed onto a 

scree n, were whit e outline s against a uniformly b l a ck back-

ground as c ompared t o I-litkins coloured desig ns. 

The not ation of the simpl e test desig ns was A , B,C, 

D , E ,F, and G. The notation of, for examp le, comp lex slide 

F 1 meant that simple figur e F was nr esent in c omplex figu~e 

F 1 while in D 2a for examDl e , gjmp l e fi.gl1Y'e D was not pre-

sent a s it was pr esent in D 2 a nd s o on. 
'-r 

simple and complex fi gures see Table 47~ 

of simple and complex figures see Appendix 
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4. PROJECTION SCREEN 

A projection screen was installed in the test room 

which was darkened during testing. The subject was seated 

facing the screen with his back to the projectors pro­

jecting through on interleading hatch between the control 

and the test rooms. 

5. THREE-PEN RECORDER AND LABT.LLED RESPONSE SWITCHES , 

Two respons e switches lay on a t able before the 

subject (Fig . 5). Switch 1 activated Pe n 2 and Switch 

2 activated Pen 3 of the Three-Pen Recorder (Fi f, . 4) which 

was driven bv the second 24 VDC Pm-;cr Supply. Switch 1 

was depressed if thc subject SnW the simpl e fi pure in the 

complex figure, Switch 2 was depressed if the subject 

wished to indicate that the simryle figure was not present in 

the complex figure. Pen 2 was used to ind icate s peed of 

response to th e presence of the simple fi ~ure whi le Pen 3 

was used to indicate speed of r espons e to its absence, 

whether response was correct or incorrect: Pen 1 of the 

Three-Pen Recorder recorded every timc a new complex slide 

was flashed onto the screen , that is, either after the press­

ing of Switch 1 or Switch 2 or after the tiE\ ~ 

ing out of 3 -minutes when the subj ect was unable to indi­

cate the presence or absence of the simple fi gure. No 

reSDonse was indicated when no corresponding mark by Pens 

2 or 3 followed a mark by Pen 1 (Fip,. 6). 

Thus! .•• ' 
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Thus reaction time was measureG from Hhen the first sliGe 

of a scquence Has flashed o nto the screen as siqnified hy 

Pen 1 until Pcn 1 made its next mc.rk which in turn serveG 

as the marker f or the besinnin~ of the next reaction time 

measure. 

THo illuminated sirns "Fi"ur e Yes" for S"Titch 1 

and "F i "ure No II f or Switch 2 Here us eG to remind the sub-

ject IVhich sHitch to use throur;hout the task. 

6 • HHITE NOISE GENERATOR 

The White Noise Generator (Fie:, 7), installed in 

thc test room, fed Hhite noise of 20 dec ibels t o the sub-

jeet throu p:h earphones (Fi r; . 5, p' 
.I. lp.: . 9 ) • 

7. TEST AND CONTROL R00!1S 

All apparatus, other than the earnh0nes a ni the 

\<lhi te Noise Generator, thc proj ection SCI' een, chair and 

table, the 2 labels, the 2 response sIVitehes anG Hires leaG-

in,,: t o the BRS 300 and the Three-Pen RecorGer, Has installed 

in the lirht control room. The adjacent test room Has 

kept dark during testinp except for unavcd.dable slir;ht 

illumination through an interleadinq hatch betHeen these 

2 rooms. The projectors pC'ojected slides throu"h this 

hatch (Fi r: . 8). All electric wires from the test room 

IVere led into the control room thr ou r;h this hatch in the 

IVi'lll. The:exper iment er operated the equi "ment and con-

trolled the experiment from the control room. 
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SUBJECTS 

Subjects were 30 male university students hetHeen 19 

and 22 years of age selected at I 'andom fr om the university 

c orridors. Each subject was seated in the test r oom and Has 

not allowed t o leav e the room or smoke during the test (Fig.9 ). 

PROCEDURE 

With the apparatus switched on each subj ect \<I ilS 

seated in a chair in the test r oom in a position facin q the 

proj ection screen. Room temperature Has ambient . 

The foll oHin;; instructions Hhich were based on 'Ii t-

kin 's (1950) were read to each SUb ject: 

You ar e goin, to be shown a series 
of geometric desiFns on the screen be-
fore you. The desi,ns wil l be \,hite 
outlines on a black ~ackqround . You 
will be shown a simple or smaller de-
sir,n and the n a complex or l arger 
design, the simI'le or smaller desir;n 
may be contained in the larv,er design . 
Your task will be t o indicate the pre-
sence or absence of the smilller figure 
in the complex design. When present, 
the simnle or smaller fir:ure Hill 
alwilYs be in the same upright positio n, 
siz e a nd shape originally presented 
to y ou. This is the fiq;ure you must 
search for and resnorrl t o when l oc a ted 
by prcssinr; the response button on your 
left (Figure Yes); if you decide the 
simple f i~ur c is not present, press the 
button o n your ri('"ht (Fi "urc No). If 
you have n0t l ocated thl2; simple f i r urc 
\,ithin 3-minutes a. new simple fir-ure 
\vi ll aut cmaticallv be flashc:l. o nto the 
s=een t o replace tho co!".nlcx f i"ure . Avoid 
qucs'3in~ 3. ::.cl. p ~:-,- ,,}.: 2.5 (~1.:j::<-:J_~- 2.. :::1 '(' cc11!." a tely as 
you c e.n a s your score ",il l cleDencl UDon 
the speed and accuracy of your reSDonses . 
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You may ne t tra c e the fi r,ures out 
manually . 

You will now be Rive n 2 ryractice 
trials. Th e f irst s hnv7in p; an ex-
a'll p l e of a c omp l cx fi gur e where the 
smaller fi gur e is pr e s e nt and the 
second wher e the same sma ller fi ,,,:ure 
is absent. Thr ou ,fThout the study a 
number of d iffere nt sma ller or simp ler 
and complex or larger fi qures Hill b e 
used . 

On the t ah l e hefor e v ou ~e e ar­
ph o nes fr om a hlh i t e No ise Gene r a t or, 
the s c must be worn t o c ut out e x-
traneo u s sou nds. You ma y no t smok e 
arri must surr e nder y our watch f o r 
the dur a tio n of the t as],. ' 

Ar e t h ere a ny questio ns? (Experime nter 
answer e i questi nns.] You will h av e 
further 0pportunity f or questions 
after y our pra ctice s ession. I 
Hill leave the r oom now with the door 
closed a nd the light switched off. 
Your practic e s e ssion wi!-l follow. 
Put o n your ear ph o nes. 

After t a king p0sse ssio n of the subject's watch t h e 

experimentcr left the t e st r oom a nd closed the d oor a fter 

s . 7i tching off the liR; ht. In the c e ntr o l r oom ne xt door the 

BRS 300 was activated b y thc e xp erimenter a nd the sub j e ct 

was shown practice simp l e fi ~ur e P for la-second s. Wh e n 

it wa s removed, P 1, the first nractic2 comp lex fir~urc, 

wa s shOvln until the subject r e s 1)omled or f 0r 3-minutes if 

th e subj ect did not r e s pond. P \-la s then pr o jected ap;ain f or 

la-s e c o nd s a nd then P l a , the s e c 0n d c omnlex pr actice fi p;ure 

until the subject r espo nded or f or 3-minutes if the sub j ect 

did no t respo nd by nr ess inr. o ne o f the 2 r e s po ns e swi tcne s . 

The nflparatu s e xc ep t t h e I'lhi t o No is e Gene rator a nd 2 l abels 

was immediately switch ~. off a nd the e XDerime nter r e - ent er ed 

the / ... 
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the test room and, first indicating for the subject to 

remove the earphones further instructed him as f ollows: 

Have you any questions? [Experi­
menter answered questions~ I will 
now le~v e y ou with your earphone s o n 
in the darkened r oom to besin the ac ­
tual test. The test will l as t 2-hours 
without int erruption. Have Y0U any 
further questio ns? (The experimenter 
answered que stio ns J Put o n your ear­
phones . 

The experimenter left the t est r oom f or the control 

r oom and switched on the apparatus after tearing off the 

trial graph fr om the Three-Pen Recorder . This was to 

a llow r e c or d ing to begin o n a clean strip of graph paper. 

The trial graph, mer e ly t o test whether the subject under-

stood the instructions, was discarded. The beginning 

of each graph was marked by noting the subj e cts number -

the first subject here being subject number 4 and the last 

being subject number 33. 

Upo n switching the equipment o n the BRS 300 was 

immediately re-activated t o start the test sequence where 

a 10-second simple slide was f o llowed by an appropriate com­

p lex slide until the subject res ponded or f or 3-minutes if 

he ,"lid not r e spo nd. Both instances si~nalled the BRS 300 

to flash the next simp le slide onto the projection screen. 

This sequence was c ontinued uninterrup ted for 2- h ours . 

Two blank flashes occurr ed on the proj ec tion screen. 

The first was between the l ast practice trial a nd the 

switchin r o ff of the equipme nt. This was because the BR S-

300 c ould not be stopped immediately after the l as t practice 

trial s o tha t the next imar,e projected was a test fi gure and 

no t/ ... 
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not a blank flash. The seco nd blank flash occurred be-

tween switching the BRS 300 o n and activatinp, it because, 

when the new trays of test slide s Here fitted, their first 

space , slot 0, did not contain the first fip,ure t o be 

projected. This was in slot 1. 

PRESENTATION AND DISCUSSION OF RESULTS 

The graphs produced by the Three-Pen Recorder were 

devided into quarter-hour sep,ments. The number o f re-

sponses, average reaction time, the number of errors, the 

percentage of false reports, and the percenta~e of si p,nals 

(simple figures occurrinp, in complex fip;ures) missed were 

read for each subject for each ~-hour and tahulated. 

(Tables 8 to 11 and 13 t o 33.) The means of the scores 

f or 30 subjects on each ·~-hour were calculated, tabulated 

o n a table of average results of 30 subjects (Table 39), 

then plotted against ¢-hour devisions on Graphs (~aph 4A 

to 4E) to outline the average trends of results . Time on 

the task in eight ~-hour segments is on the horiz o ntal 

axis,t , whi l e the particul ar variable beinp, considered is 

on the vertical axis, y, of each graph. The results in 

Table 39 were analysed usin" the statistical methods be-

low to find the estimated results given in Table 40. i See -. . '"' Appendl.Ces 4 to 8 f or calculatl.ons.j 

A rer;ression analysis was applied to the mean scores 

over ~-hour periods for the ~oup of 30 subj ects . The 

rep,ressi on equation is the equation for the regression line 

which/ ... 
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which is the line best expressing the trend of the points 

on a scatter diagram : a true re~ression line lS the line 

"for which the sum of the squar ed devia tions is as small as 

possible " ( Smith , 1 96 5). The constants of the equa-

tio n were calculated as follows (after Smith, 1 965 ): 

The components of the product-moment correlation 

coeffecient,r,were calculated from the followi ng formula: 

r = C A J 
[B)CC] 

where A = [ nb'ti Yi (r; ti ) ( r:Yi · )J 
B = [ n'S;t/ - ( [>i ) 2 ] 
C " 2 ( I: Yi ) 2 J = [ nLIYi -

with ti = time on task in ~-hours (~,~,a,1,1~,1!,l f ,2) 

yi = mean score per ¢-hour 

n = total number of categories (8 in this case) 

The regression coefficient for y upon t is given by 

_ LA] 
- -B-1 L _ 

where (b'1 · ) is the slope of the r egression line. 

To calculate the e stimated value of each successive 

~-hour period of time the following equation was used: 

\fuere the regression line cut the vertical or y axis 

is g iven by 

( Y - t blJ· ) 

with \"I 
Y = 1-J Y'l· 

n 

t = \" t· L, ~ 

n 
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This estimated value is not a certainty, it is 

merely the best estimate unless it is based on a perfect 

correlation. It was thus necessary t o ascertain the size 

of such err ors or t o know the probable limits of this po­

tential error of the estimate. The standard error in the 

e stimate, By . was given by 

By = 8~ '~l - r2 

where = 
n 

2 - Y 

Sy was used toge ther with the estimated values of y, ye, 

and the observed values of y, yo~ 'to establish c onfi-

dence limits. The following limits were then calcu-

lated: 

1. One standard error each side of the expected value of 

y. (ye). It could have been expected in about 68 times 

in a 100 that a score selected at random from a normal dis-

tribution would have fallen between these limits of 

ye - 1 Sy and ye + 1 Sy. 

2. Similarly, chance expectation to be correct 95% for the 

limi ts ye - 2syand yel' 2sywas calculated. 

3. Also, chance expectation to' be correct 99,74% for the 

limi ts ye - 3 >y and ye +3 By was calculated. 

The X2 method for testing goodness - of-fit was 

then used to determine whether the differences between the 

theoretical and the observed results could be attributed 

to chance sampling variations. 

The results of 26 subjects were tabulated individually 

(Tables 13-38 ). These , a nd the results of the 4 subjects 

(Table s 8 - ll) of the third pi lot study, bringing the total 

t o / .•. 
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to 30 subjects, were tabula ted (Table 39) as the average re-

sults of 30 subjects. The estimated results f o r 30 subjects 

were tabulated o n Table 40. The results on these latter 2 

tables were discussed and r epres ented on Graphs 4A to 4E. 

DISCUSSION OF TABLES 39 AND 40 AND GRAPHS 4A 

TO 4E 

AVERAGE NUMBER OF RESPONSES (GRAPH 4A, PAGE 1770pPENDIX 4) 

The average observed number of responses per quarter­

hour ranged between 36,67 a t the ~-hour and a -hour marks and 

45,83 at the 2-hour mark with an aver age of 40,76 respons e s 

per quarter-hour. The difference b e tween the beginning and 

end results was 9 ,16 . The average number of observed re-

sponses increas ed over tim e on the present t ask . (Tab l e 39.) 

Regression coeffecient,b~ , for the a verage number 

of respons es , y, on time,t , for this task was calculated. 

The regression coefficient, b~ , was calculated t o b e 

5,40; this referre d t o the slope of the regression line. From 

this the equation describing the regression line fOllowed,viz: 

ye =5,40t + 34,53. 

Using this f ormula the es timated average number of 

responses (Table 40 ; Graph 4A ) wer e as follows f or each ~-hour 

period (Table 40, Appendix 4): 35,88; 37,23; 38,58; 39,93; 

_ ~1>28_.; _ 42,63; 43,98 and 4-5,33. The response rate per ~-hour at 

the end of the 2-hour period had increased by 10,80. A x~ 

of 0,07 was calculated with d.f. = 7 r e flecting a satisfac-. -

t ory goodness - of - fit. (Appe ndix 4.) 

Th e s tandard err or of the e stima t e, S ,ofy was cal-

culated to be 1,66 and used to e stablish confidence limits. 

At the 68% l eve l these wer e between ye - 1 Ey a nd ye + 1 Sy. 

(Appendix 4, Table 41.) 

157. 



AVERAGE REACTI() N TIT'1E IN SEC()NDS (GRAPH 4B, PAGE 178; 

APPENDIX 5) 

The observed average reaction time ranged between 

21,10-seconds at the 2-hour mark and 27,11-seconds at the 

~-hour mark with an average of 24,68-seconds per quarter-

hour. The difference between the beginning and end re-

sults was 6,01-seconds. The average number of observed 

responses declined with th e progression of time on the pre-

sent task. This was consistent with the previous result 

where the number of responses per a-hour increased with 

time on the task. (Table 39.) 

Regression coefficient, by , for the average re­

action time, y , on time, t , for this task was calculated. 

The regression coefficient, b~ , was calculated to be 

3 ,65. This referred to the slope of the regression line. 

From this the equation describing the regression line 

followed, viz: ye = -3,65 t + 28,80. 

Using this formula the estimated average reaction 

times (Table 40; Graph 4B) were as follows for each a-hour 

period (Table 40; Appendix 5); 27,89; 26,97; 26,06; 25 ,15; 

24,24; 23,32; 22,41; 21,50. The reaction time in seconds 

per ~-hour at the end of the 2-hour period -had declined 

by 7,30-seconds. 

A x2 of 0 ,15 was calculated with d .,. = 7 reflecting 

a satisfact0ry goodne ss - of - fit (Appendix 5.) 
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The standard error of the estimate, 5, c.'" y was 

calculated to be 1,90 and used to establish confidence 

limit s. At the 68% level t hese .,ere between ye - 18J and 

ye + 1 ty. (Append ix 5; Table 42.) 

AVERAGE NlNBER OF ERRORS ( GRAPH 4C, PAGE 179 ; APPENDIX 6) 

The observed average number of errors ran~ed be­

t ween 7,60 at the ~-hour mark and 10,60 at the ~-hour mark 

with an average of 8,68 errors per quarter-hour. The 

difference between the beginning and end results was 0 ,40. 

The average number of observed err ors declined over time al­

though ther e appeared to be a st eady increase from after the 

a -hour mark (Table 39). 

Regression coefficient, b'j, for the average numbelf' ' 

of errors, y, on time,t, for this task was calculated. The 

regression coefficient, b~, was calculated to be 0,29 . 

This referred to the slope of the regression line. From 

this the equation describ ing the regression line followed, 

viz : ye = 0 ,29 t + 8,35. 

T)sing this formula the estimat ed average number of 

errors (Table 4(); Graph 4C) were as follol-ls (Table 40; 

Appendix 6): 8,42; 8,50; 8,57; 8,64; 8,71; 8,79 :. 8,86; and 

8,93. The response rate per ~ -hour at the end of the 2-hour 

period had increased by 0 ,58. 

A X 2 of 1,18 Has calculated with d.f. = 7 r eflecting 

a satisfactory goodness - of - fit. (Appendix 6.) 

The st andard error of the estimate, S , of y was 

calculat ed to be 1,27 and used to establish confidence 

limits. 
At! . •• 
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t;~ the 68% level these were between ye -1 fY and ye +1 fY 

except for the ~-hour mark which was at the 95% level and 

Has between ye - 2 fY and ye + 2 fY. (Appendix 6 ; Table 43.) 

AVERAGE PERCENTAGE OF FALSE REPORTS (GRAPH 4D, PAGE 180; 

APPENDIX 7) 

Here the observed average percentages of false re­

ports ranged between 3,64% at the ~-hour mark and 25,01% at 

the ~-hour mark with the average being 14,40% per quapter-

hour. The difference between the beginning and end results 

was 8,34%. The average percentage of false reports observed 

d e clined over time; performance in the latter hour was not 

as variable as the first and was consistently poorer. (Table 39.) 

Regression coefficient, b~, for the average per­

centage of false reports,y , on time, t , for this task was 

calculated. The regression coefficient,b '\ , was calculated ., 

to be 2,42; this referred to the slope of the regression line. 

From this the equation describing the regression line follow­

ed, viz: ye = 2,42t + 11,67. 

Using this formula the estimated percentages of 

false reports (Table 40; Graph 4D) were as follows for each 

~-hour period (Table 40; Appendix 7): 12,28%;12,88% ; 13,49%; 

14,00%; 14,70%; 15,30% ; 15,91%; and 16,51%. The percentage 

of false reports per ~-hour at the end of the 2-hour period 

had increased by 4,84%. 

A X2 of 27,21 was calculated with d.f. = 7 r e -

fleeting an unsatisfactory goodness - of - fit. (Appe ndix 7.) 
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The standard error of the estimate S ofY was cal­

culated to be 44,74 and used to establish confidence limits. 

At the 68% level these were between ye -1 ,'J;and ye + 1 By • 

(Appendix 7 ; Table 44.) 

AVERAGE PERCENTAGE OF MISSED SIGNALS (GRAPH 4E, 

PAGE 181 ; APPENDIX 8) 

The observed average percentage of missed signals 

ranged between 40,43% at the l~ ; hour mark and 59,38% at the 

2-hour mark with an average of 48,43% per ~-hour. The 

difference between the beginning and end results was 3,68%. 

There was a decrement in performance over time. (Table 39.) 

The regression coefficient,b 'I , for the average 

percentage of missed signals, y , on time ,t.l was calculated. 

The regression coefficient,b 1 , was calculated to be 0,45; 

this referred to the slope of the regression line. From this 

the equation describing the regression line followed, viz: 

ye = 0,45t+ 47,92. 

Using this formula the estimated average percentages 

of missed signals (Table 40; Graph 4E) were as follows for 

each ~-hour period (Table 40 ; Appendix 8) : 48,03%; 48,15%; 

48,26%; 48,37%; 48,48%; 48,60°6; 48,71%; and 48,82%;. The 

percentage of missed signals per ~-hour at the end of the 

2-hour period had increased by 0,90%. 

A x2 of 6,35 was calculated with d.f. = 7 reflecting 

a satisfactory goodness - of - fit. (Appendix 8.) 

The standard error of the estimate, S , of y was 

calculated to b e 12,31 and used to establish confidence limits. 

At the 68% level these were between ye - 1 tyand ye+ 1 ty . 

(Appendix 8; Table 45.) 
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Table 13 Subject Number 8. 

Time in Number Average Number Percen - Percen-
uarter - of reaction of tage of tage of 

/iour ~ime in False Missed 
pivisions Responses Seconds Errors 

~eports Signals 

~ 51 17,65 11 15,91 57,14 
, 

46 19,57 8 10,26 57,14 2 
3 51 17,65 12 16,67 55,56 lj 

1 53 16,98 10 18,75 20,00 

1~ 52 17,31 8 4,65 16,67 

1~ 44 20,45 10 18,42 50,00 

1 ~ 48 18,75 16 25,00 75,00 

2 58 15 .,52 9 5,88 86,71 

Table Subj ect Number 9 

Time Nunber Average Numb er Percen- Percen-
Quarter - of Reaction of tage tage of 
Hour Response~ Time in Errors of False Missed 
Divisions Seconds Reports Signals 

~ 31 29,03 12 37,04 50,00 

~ 29 31,03 6 15,38 66,67 
~ 37 24,32 11 20,00 71,43 4 

1 37 69,23 8 18,75 40,00 

1~ 40 22,50 10 17,65 66,67 

H 41 21,95 7 17,14 16,67 

l ~ 41 21,95 10 20,00 50,00 

2 47 19,15 9 12,82 50,00 
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Table 15 Subj ect Number 10 

Time in Number Average Number Percen - Perc2n-
uarter - of eaction 

of tage of tage of 
'Hour Time in False Missed 
Divisions Responses Seconds Errors 

Reports Signals 

I; 67 13,43 14 20,00 28,57 

~ 67 13,43 13 5,45 88,33 

a 69 13 , 04 16 13,13 88,89 

1 69 13,04 li 1,7>l 92,31 

H 79 11,39 15 11,43 77,78 

1~ 71 12,68 16 11,29 100 , 00 

H 72 12,50 14 55,56 83,33 

2 71 12,68 11 7,81 85,71 

Table 16 Subj ect Number 11 

Time Number Average Numb er Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Response Time in Errors of False Hissed 
Divisions Seconds Reports Signals 

- , 
35 25,71 20 54,18 50,00 " , 
37 24,32 13 33,33 50,00 2 

;l 36 25,00 10 25,00 37,50 c, 
1 47 18,37 7 17,50 0,00 

H 41 21,95 13 36,11 0,00 

H 49 18,37 12 22,73 44,00 

H 53 16,98 9 20,93 0,00 

2 53 16,98 14 28,89 12,50 
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Table 17 Subj ect Number 12 

Time in Number Average Number Percen - Percen-
~uarter - of Reaction 

of tage of tage of 
"our 11' ime in False Missed 
Divisions Responses Seconds Errors 

!Reports Signals 

¢ 29 31,03 9 32,00 25,00 

! 25 36,00 4 16 ,00 0,00 

a 22 40,91 5 13,64 50,00 

1 26 34,62 1 3,85 0,00 

1¢ 28 32,14 3 4,35 40,00 

1 1 31 29,03 5 14,81 25,00 

In 32 28,13 4 13,79 0,00 

2 39 23 ,08 4 11,43 0,00 

Table 18 Subj ect Number 
13 

-
T ime Number Average Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Response, Time in Errors of False Missed 
Divisions Seconds Reports Signals 

1 31 29,03 10 29,63 50,00 4 

! 45 20,00 7 14,63 25,00 

~ 45 20,00 7 10,81 37,50 

1 45 20,00 11 18 , 42 57,14 

1~ 48 18,75 8 19,05 0,00 

1 ~ 50 18,00 9 18, 60 14 ,29 

1 ~ 52 17,31 7 9 , 52 30,00 

2 52 17,31 14 25,53 40 ,00 

164. 



Table 19 Subj ect Number 14 

Time in Number Average Number Percen - Percen-
Duarter - of ~eaction of tage of tage of 
~our ~ime in False Missed 
Divisions Responses Seconds Errors 

Reports Signals 

~ 19 47,37 5 12 , 50 100,00 

~ 20 45,00 6 31,58 O,QO 
;l. 18 50 ,00 5 20,00 66,67 ~ 

1 18 50,00 4 18,75 50,00 

H 18 50 , 00 4 7,14 75,00 

1~ 20 45,00 4 6,67 75,00 

1 ~ 24 37,50 5 23 ,81 0,00 

2 25 36,00 8 20, 00 80,00 

Table 20 Subject Number 15 

Time Number Average Number Percen- Percen-
Quarter - of Reaction of tage tage of 
Hour Response Time in Errors of False Missed 
Divisions Seconds Reports Signals 

~ 16 56,25 3 14,29 50,00 
, 

18 50,00 7 37,50 50,00 ~ 

'- 22 40,91 7 31,58 33,33 4 

1 23 39,13 5 20,00 33,33 

H 25 36,00 4 9,52 50 ,00 

I! 27 33,33 3 4,55 40,00 

H 26 34 , 62 4 9,52 40,00 

2 31 29 , 03 4 11 , 11 25,00 
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Table 21 Subj ect Number 16 

Time in Number l Aver~ge Number Percen - Percen-
Quarter - of eactJ.on of tage of tage of 
-Iour !-rime in False Missed 
Divisions Responses Seeonds Errors 

Reports Signals 

, 
52 17, 31 18 26,67 85 ,71 l! 

! 36 25,00 13 ~ 2,26 60 , 00 

~ 28 32, 14 9 28 ,00 66,67 ., 
1 25 36,00 8 28,57 50,00 

1 ~ 29 31,03 11 33 ,33 60,00 

l' , 28 32,14 13 43 48 60,00 

l ~ 34 26,47 12 36,67 25, 00 

2 34 26, 47 15 37,04 71 , 4 3 

Tab2.e 22 Subj ect Number 17 

Time Numb er Av er age Number Percen- Pe rc en-
Quarter - of Reaction of tage tage of 
Hour Response! "'" .l.J.me in Errors of False t1 issed 
Divisions Seconds Repor ts Signals 

, 
44 20,45 12 2.3,08 60, 00 Ii , 
41 21,95 11 22,86 50,00 :; 

t 36 25,00 3 6,6 7 16 ,6 7 

1 38 23,68 1 0,00 14,29 

1 ~ 42 21, 43 7 1 2,50 25,00 

l ~ 44 20,45 6 7 , 89 50, 00 

1~ 47 19, 15 3 5,26 11 ,11 

2 46 19,5 7 8 12,50 50,00 
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Table 23 Subj ect Number 18 

Time in Number Average Number Percen - Percen-
Duarter - of lReaction of tage of tage of 
~our !-rime in False Missed 
Divisions Responses Seconds Errors 

;Reports Signals 

~ 30 30,00 10 26, 9 2 75,00 
, 

39 23,08 8 13 , 89 100,00 :;: 

:l. 42 21 , 43 7 6,25 50,00 ~ 

1 41 21,95 7 11,76 46,86 

1~ 40 22,50 3 8,33 0,00 

1~ 40 22,50 6 13,51 33,33 

In 46 19 , 57 12 19,44 50,00 

2 40 22,50 14 30,30 59 , 14 

Table 24 Subj ect Number 19 

Time Number Average Number Percen- Percen-
Quarter - of Reaction of tage tage of 
Hour Response! Time in Errors of False Missed 
Divisions Seconds Reports Signals 

, 
50 18,00 17 30,23 57,14 " 

~ 51 17,65 10 15,09 46,86 
;l 50 18,00 8 10,00 40,00 ., 
1 49 18 ,37 13 26,67 25,00 

1~ 49 18,37 11 24 , 39 12,50 

1~ 49 18,37 7 4 , 29 4,29 

I t lf 9 1 8 ,37 11 1 9, 51 37,50 

2 50 18,00 14 23 , 40 60,00 
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Table 25 Subj ect Number 20 

Time in Number Average Number Percen - Percen-
DuarteI' - of iReaction of tage of tage of 
~our ~ime in False Missed 
Pivisions Response~ Seconds Errors 

Reports Signals 

~ 27 33,33 5 17,3 9 25,00 
, 

26 34,62 3 13,04 0,00 "2 

"- 32 2 8 ,13 6 10,7 1 75,00 4 

1 34 26,47 1 0,00 16,67 

1~ 37 24,32 6 33 ,33 71 ,43 

1~ 41 21,95 7 24,32 50,00 

U 44 20,45 5 7,89 33,33 

2 46 19,57 5 2,70 44,44 

Table 26 Subj ect Number 21 

Time Number Average Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Response~ Time in Errors of False Missed 
Divisions Seconds Reports Signals 

~ 36 25,00 10 25,00 50,00 
, 

34 26,47 1 3,23 0,00 "2 

~ 25 36,00 4 15 , 79 16,67 q 

1 33 27, 27 2 0,00 33,33 

1~ 28 32,14 4 4,35 60,00 

1~ 25 36,00 5 1 8, 1 8 33,33 

la 28 32,14 2 8,33 0,00 

2 34 26,47 2 3,25 33 , 33 
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Table 27 Subj ect Number 22 

Time in Number Average Number Percen - Percen-
uarter - of !Reaction of tage of tage of 

'Hour 'rime in Fals e Missed 
Pivisions 

Responses 
Seconds Errors 

Reports Signals 

~ 27 33,33 5 13,04 50,00 

; 27 33,33 7 25,00 33,33 
a 27 33,33 7 20,83 66 ,6 7 " 
1 25 36,00 2 10,00 0,00 

14 24 37,50 2 10 ,00 0,00 

l~ 23 39,13 2 11,11 0,00 

H 26 34,62 4 16 , 67 0,00 

2 27 33,33 4 16,67 0,00 

Table 28 
Subject Number 23 

Time Number Average Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour ResponseE Time in Errors of False Missed 
Divisions Seconds Reports Signals 

1 39 23 , 08 9 20,00 50,00 4 , 
48 18,75 8 15 ,00 25,00 ~ 

;> 48 18,75 4 4 ,88 2 8 ,57 " 
1 47 19,15 10 12,82 62,50 

1~ 50 18,00 6 13,04 0,00 

1~ 50 18,00 6 10 , 00 20 ,00 

l a 50 1 8,00 8 7,32 55 ,5 6 

2 57 15,79 10 12,00 57,14 
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Table 29 Subject Number 2~ 

Time in Number Average Number Percen - Percen-
uarter - of Reaction of tage of tage of 

"our II'ime in False Missed 
Pivisions Responsee Seconds Errors 

Reports Signals 

~2 21,~3 11 23 , 68 50 , 00 
~ 

8 12,50 3 3 ,33 , ~9 18,57 
"2 

~ 2,50 ~2 , 86 
~ ~7 19,15 
4 

1 ~3 20,93 10 16 , 67 ~2 ,86 

1~ 
~8 18,75 3 6 , 82 0 ,00 

1~ 
~9 18,37 ~ 7,68 10 , 00 

50 18,00 7 9,52 37 , 50 In 
13 17,78 83 , 33 51 17,65 

2 

Table 30 Subject Number 25 

Time Number Average Number Percen- Percen-
Quarter - of Reaction of tage tage of 
Hour Response1 Time in Errors of False Hissed 
Divisions Seconds Reports Signals 

~ 2~ 37,50 6 12,29 100,00 
, 

29 31,03 7 16,00 75,00 ~ 

~ 35 25,71 8 10,00 100,00 ., 

1 36 25,00 6 33,33 83 ,33 

H ~O 22,50 11 12,12 71 , ~3 

1~ ~3 20,93 6 7,90 60,00 

1a ~5 20,00 7 5,13 83,33 

2 33 27,27 8 10,71 100,00 
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Table 31 Subj ect Number 26 

Time in Number Average Number Percen - Percen-
Ruarter - of ~eaction of tage of tage of 
~our tr ime in False Missed 
Pivisions ResponseE Seconds Errors 

Reports Signals 

~ 
4 

28 32,111 5 12,50 50,00 

15,63 100,00 , 35 25,71 8 
2: 

a 37 211 ,32 7 13,33 1I2 , 86 

I 
1I1i 20,45 Pc 10,81 57,14 1 

1l; 1I0 22,50 7 111,71 33 , 33 

H 1I6 19 , 57 6 7,111 75,00 I 
l~ 1I3 20,93 8 12,12 1I0 ,00 

2 1I9 18,37 8 7,111 71,1I3 

Table 32 Subject Number 27 

Time Number Average Number Percen- Percen-
Quarter - of Reaction of tage tage of 
Hour Response Time in Errors of False Missed 
Divisions Seconds Reports Signals 

~ 1I0 22,50 12 27,78 50,00 

! 32 28,13 10 25,00 75,00 

~ 35 25,71 10 22,22 50,00 

1 37 211 ,32 ll! 31,25 80,00 

l~ 1I1i 20,45 13 21,62 711,1I3 

I! 1I8 18,75 8 11,36 75,00 

1~ 56 16,07 16 23,91 50,00 

2 58 15,52 16 16,33 88,89 
, 
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Table 33 Subject Number 28 

Time in Number Average Number Percen - Percen-
Duarter - of ~eaction of tage of tage of 
flour frime in False Missed 
Pivisions Responsef Seconds Errors 

!Reports Signals 

1 31 29,03 15 51,85 25,00 '. 
~ 30 30,00 14 48,15 33,33 
a 27 33 , 33 13 50,00 40, 00 
" 

1 34 26,47 10 31,03 20 ,00 

1~ 34 26,47 12 37,04 28,57 r 
1~ 39 23.08 1 6 45 , 71 25,00 

l ~ 40 22,50 18 50 ,00 0,00 

2 46 19,57 17 40,54 22,22 

Table 3 4 Subject Number 29 

Time Number Averag e Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Response Time in Errors of False Missed 
Divisions Seconds Reports Signals 

~ 
41 21,95 1 3 27,07 75,00 

, 43 20 ,93 5 10 ,8 1 1 6,69 
~ 

'1 41 21,95 5 6,06 37, 50 
'. 
1 49 1 8,3 7 3 2 , 38 28,57 

1~ 
60 15,00 7 9,26 33,33 

1~ 
56 16,07 15 13,64 75,00 

1 ~ 52 17, 31 14 17,78 85, 71 

2 53 16, 98 9 8,3 3 100,00 
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Table 3 5 Subject Number 30 

Tim e i n Number Average Number Percen - Percen-
puarter - of \Reaction of tage of tage of 
~our ~ime in Fals e Missed 
Pivisions Responses Seconds Errors 

lReports Signals 

1 25 36 . 00 9 23 , 90 100,00 4 , 
20 45 , 00 5 27, 78 0,00 2' 

;t 21 42,86 5 25,00 0,00 
~ 

1 25 36 ,00 5 1 5 ,79 33 ,33 

l~ 25 36,00 3 14 ,29 0,00 

l~ 27 33,33 4 13 , 04 25 ,00 

la 32 28, 1 3 8 14 ,29 100,00 

2 37 24, 32 9 14, 84 50,00 

Table 36 Subject Number 31 

Time Number Averag e Number Percen- Perc en-
Quarter - of Reaction of tage tage of 
Hour Re spons e ! Time in Errors of False Misse d 
Divisions Seconds Reports Signals 

1 55 16,36 9 6,25 85,7 1 4 , 
61 1 4 ,7 5 1 2 1 ,96 100,00 :2 

~ 62 14,50 9 1 ,89 88,89 

1 59 15,2 5 1 2 11 , 54 85,71 

l~ 6G 1 3,6 l f 13 11 ,85 100 ,00 

1~ 65 1 3,85 10 5,26 87 ,50 

li! :" . 66 13,64 14 5,45 100,00 

2 68 13,2 l f 9 1 , 69 88,89 
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Table 37 Sub ject Number 32 

Time in Number Average Number Percen - Percen-
Ruarter - of !React ion of tage of tage o f 
lour ~ime in False Missed 
~ivisions 

Re spons es Seconds Errors 
!Reports Signals 

, 
39 23,08 9 20 ,GO 50,00 " 

1 1+1+ 20 , 1+5 3 2 ,63 33,33 2 

~ 1+6 19,57 1+ 2,70 33,33 

1 51 17, 65 10 9,30 75,00 

1~ 55 16, 36 1+ 6 ,12 16,67 

1~ 58 15 ,52 8 6,25 50,00 

1~ 53 16 ,98 1+ 1+,1+1+ 25,00 

2 51+ 1 6,67 6 8,33 33,33 

-

Table 38 Subj ect Number 33 

Time Nunber Aver2.ge Number Percen- Perc en-
QU2I' t er - of Reaction of tage tage of 
Hour ResponseE Time in Errors 0: False Hissed 
Divisions Seconds Reports Signals 

~ 1+2 21 ,1+ 3 8 1 8,33 0,00 
, 

1+1 21, 95 10 17,11+ 66,6 7 :;: 

3 39 23, 08 10 15, 63 71,1+3 

1 1+1 21,95 12 15,1 5 87,50 

H I+l 21,95 10 16,22 100,00 

1~ 1+7 19,15 8 7, 69 62 ,50 

1"-'. 1+9 18,37 15 15 ,85 100 ,00 

2 53 1 6,98 20 26,67 100 ,00 
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Table 39 Average Observed Results of Subjects Numbers 4 to 33 

r-
Aver age Observed Results -----

T irn e in Average Mean of I Average Average 
I 

Average ' 

Percen- I 
Quart er - Number the Aver age Number of Percen- r 
Hour of Reaction Errors tage of tage of 

Divisions Respons e s T irn c in Fal se Hissed ; 
Seconds I 

Rcport s Signals : 
I 

1 36,67 27,11 10 , 60 25,01 55,70 4 

1 37,93 26,39 8,00 4,19 46,44 2 

a 37,67 26 , 67 7 ,60 3,64 51,05 4 

1 3 9 ,53 26,68 7 , 63 15,58 41,31 

12. 41 , 40 24,24 7 , 93 16 ,04 40 , 43 

l~ 42,57 23,26 I 8,00 14 ,90 

I 
47 ,86 

l' 44,47 21,92 I 9,47 19 , 18 45 , 26 ~. 

2 45,83 21 ,10 10,20 16 ,6 7 I 59 , 38 

Average 40,76 24,68 8,68 14 , 40 48,43 

per q -
Hour -

I 
Differenc e 

Betwee n 1 

I Beginning 9,16 6 , 01 
I 

0,40 8,34 3,68 , 

I 
I 

and End I 
I I 

Re sults I 
, 

I , i , , 
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Table 40 Average Estimated Results of Subject Numbers 4 to 33 

---.. -- ._-_._-_.- _._---
Average Estimated Results 

T :une ~n I l\verage 
Quart cr - JHumber 
Hour of 
Division Responses 

f-.---..,!r-
q 1 35 ,88 

1 

11; 

1 ~ 

la 

1
3 7 ,23 

I 38 , 58 

39,93 

41,28 

42 , 63 

43,98 

. !.j ean of 
the Av erage 
Reaction 
Time in 
Seconds 

27 ,89 

26 , 97 

26 , 06 

25,15 

24 , 24 

23,32 

}\verage I.z,v cragc-· r livera8c -
Number P crc c n . Percentage 
of tage of ! of Hissed 

Error s Fal se I Signal s 
Reports . 

-t----------
8,42 12 , 28 I 48 ,03 

I 
8,50 12,88 I 48 , 15 

8 ,57 13,49 I 4 8 , 26 

~ ) 64 1 4 , 00 48,37 

8 , 71 ll+ ,70 48 , 4 8 

8,79 15,30 48,60 

2 45 , 33 

I 
I 

22 , 41 8,86 i 15 , 91 I 48 , 71 

______ +-_2_1_, 5~___ I 8,9 3 ~_~ 6 , 51J_~_~8~_ 
" ,69 r8 '70~! 14 . 38 !lf8, 43 

I 
Average I 40 , 23 
per q - ! 

I Eour i I I 
"------"--------'--- ' ----~-.-.. -----I 
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FIG. 15 GRAPH 4A FOR TABLES 39 AND 40 

AVERAGE OBSERVED AND ESTTI1ATED NUMBER OF RESPONSES 
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FIG. 15 GRAPH 4B FOR TABLES 39 AND 40 

AVERAGE OBSERVED AND ESTIMATED 

REACTION TIME IN SECONDS 
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FIG. 15 GRAPH 4 C FOR TABLES 39 AND 40 
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FIG. 15 GRAPH 4D FOR TABLES 39 AND 40 
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CONCLUSION 



CHAPTER V:'ll 

CON C L U S ION 

The only results which reflected an unsatisfactory 

goodness - of - fit were those of the average percentage of 

false reports c. 

In the present task response time in seconds de­

clined over time while the number of signals presented in­

creased over time. This relation was because the signals 

were displayed till responded to and so signal rate was de-

pendent on response time. In no instance did a subject 

fail to respond within the 3-minute time limit. 

There is a large body of literature suggesting that 

irregular signals occurrinf at a low average rate should 

have a detremental effect on performance. Smith, .. 1arm, and 

Alliusi (1966) confirmed this when they found reaction time 

to decline as the signal rate increased irrespective of Hhich 

coefficient of signal variability th ey used. They also 

found reaction time and signal rate to be related where un­

limited stimulus duration had been uscd. Similarly, 

among many others, t1 cCormack and Prysiazniuk (1961) and 

Frankmann and Adams (1962) found the same. Lisper (1969) 

however showed a rise in r eaction time for a high signal 

rate and a constant reaction time for a low rate. This 

discrepancy between his results and those of ordinary 

vigilance experiments was put down to the fact that his 

t ask required a low value of attention as the signals he used 

",!ere I ... 
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were strong. It is poss i b l e that siena l strength in the 

~r '_ sent t ;l sk m i~ ht have been partly respon§iblc f or thc 

d ccl inc ovcr timc in obscF1cd 2.Verilgc reaction time in . 

sec onds. Finding s o n th e l ocatio n 

of s i gnals on a radar screen have r epeat ed ly demons tr ated 

that the porti o n of the rada r screen upon Hhich most of 

the signals fell was a tt ended t o most fr equently ( Deese 

and Ormo nd, 1953 cited by Frankmann and Adams , 1 962 ; 

Nice ly and '1iller, 1957 c it ed by Buckner and '1cGrath, 

1963). Similar ly o n the present task the subject s pro-

bably l e arned that the complex figures usually cont ained 

the simple figure in the middle, this possibly increas ed 

signal strength and so the ir speed of respons c increased, 

whether t heir respo nse wa s corr ect or incorr ect. 

Vigilance t asks with irregular and infrequent 

critical signals have be en shm·m t o lead t o a rise in errors 

ov er time (i n t er ali a, MackIVor th, N.H., 1956; Baker, 

1959b.) Errors have also been shmm to inoreas e markedly 

in self -pace d tasks ( Salda hna , 1 9 55 cited by Mackworth, J.F., 

1969). Th e present task is self paced with irregular and 

infrequent critical sifnals and so a rise in err ors was 

expected. Broadbent (1953b ) and Ililkinson (1 961 ) sholVed 

that subjects may maintain their speed of reacti on time 

at the expense of increasing errors Hith increasing time on 

the task (MackHorth, J. F . 1964b). The pres e nt t a sk j u st 

f ailed to show a n increase in th e ave rage number of errors 

observed Hhich in fact sholVed a V- shaped curvc indi-

cating a d ecline in errors f o lloHed by a rise . There did 

not/ . .. 
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not appear to be a r elation between the average number of 

errors observed and the average reaction time observed a s 

practically the same average number of errors were mad e for 

both the hi ghest and the lowes t aver age observed reaction 

times. 

Perhaps a consideration of the eff e ct of signal 

duration will throw light on the results. Adams (1956) 

had found stimulus duration t o e ffect the aver age level of 

det e ction of an aperiodically presented l ow - intensity 

visual stimulus in a positive manner; si gnals of 2-seconds 

length had a highe r probability of detection than those of 

l-second. The l ong duration o f stimuli allowed them t o 

escape d e tection less often s a id Baker (1959c),who later 

(1962) found that short signals gcnerated an inferior 

initia l performance compared to long signals and gave rise 

to a steeper performance decrement in his l-minut e (short) 

and 2-hour (long) vigilance tasks. Buck (1966) found a 

high detection rate with long signal duration and hig h sig­

nal intensity, tha t is, when the signals "ler e not transient 

(at a low critical leve l). Mayzner, Tre selt, a nd Pezen ik 

(1 968 ) presented subj e cts with 2 line s of 10 letters each 

and r equired them to detect a targe t lette r common to both 

lines. Th e ir results showed that a s d isplay time in-

creased systematically by 2-seconds, the number of correc t 

d e t ections increased in a relatively linear fashion . ~larm, 

Lo eb , and Alliusi (1970) found that the probability of 

corr e ct de t ectio ns increased monotonically with rises in 

signal/ ... 
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signal duration. A stable rate of almost 100% was neared 

at signal durations of 4 and 8 - seconds, independently 

of signal rates (6,12, 24,48, and 96 signals per hour). 

The durations of 4 and 8 .- seconds were in general agree-

ment with a previous report that signal detections almost 

always occurred within 2-seconds in a short term free re-

sponse detection task (Egan, Greenberg, and Schulman, 1961 

ci ted by \'arm et aI, 1970). In the light of these figures 

it is surprising that any decrement in signal detection 

occurred at all on the present task. The increase in sig-

nal rate with the decline in reaction time possibly de-

creased the probability of detection just enough to lead 

to the significant decline in the average observed percen- , 

tages of missed signals. 

According to Jenkins (1958), and as illustrated 

above, where probability based on a rapid signal rate was 

high, the subject adopted a liberal criterion for accept-

ing a current stimulus as a signal. This condition raised 

the frequency of false reports and was thus a sign of 

decrement of performance. The decline in the average ob-

served percentage of false reports could be considered in 

the light of either of the following 2 considerations: 

1. A decline in detections during a vigilance task was 

usually accompanied by a decline in false alarms, especially 

for the first session ( ~cGrath 1963 in Buckner and , 
McGrath, 1963 l. 
2. tlcGrath (ibid) also said that false detection rate 

declined/ ... 
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declined rapidly with practice, the majority of them 

occurring during the first watch. False detections, there-

fore, he said, may only be a useful index of learning but 

not a good one of vigilance performance. They may only 

reflect the subjects stability of criterion as to what is and 

is not a signal. 

The present task found the observed average percentag~of 

false reports to decline with time on the task though the 

estimated results was an increase. Possibly the estimated 

results could be put down to the subject's adoption of a 

liberal criterion perhaps indicated by the rise in the 

average number of responses, the accompanying decrease in 

average observed reaction time, and the rise in the ob-

served percentages of missed signals. The results here 

are inconsistent with the estimated results as the decline 

in the average observed percentage of false reports showed 

the presence of learning and practice rather than the 

possible adoption of a liberal criterion. 

The inconsistency in the above study's results could 

also possibly be attributed to the fact that the task was 

self-paced, a condition which allowed the subject to con­

trol his rate of work and so his performance. The subjects 

may have been able to compensate for momentary lapses and 

pauses in their accuracy of work by raising their accuracy 

of work between pauses, thus perhaps inadvertantly giving 

the above conflicting results. Broadbent (1953b) had 

stated that no decrement occurred in unpaced tasks 

Saldahna/ .•. 
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Saldahna (1955) however showed errors to increase over time 

on such tasks. Kappauf and Payne (1959) studied an ob-

server - paced task which continued for a long duration in 

a group situation where the subjects, instructed to \.Jork as 

quickly as possible, worked in test booklets. They 

searched successively for different nu.'1lbers for an unin­

terrupted period of 75-minutes during which they were un­

certain of the time of "appearance" of the number being 

sought. Detection rate was found to be high suggesting a 

small decrement which did occur significantly and \"hich 

cautioned one against Broadbent's (1953b) generalizations. 

These findings were similar to those for the present task. 

Kappauf and Payne (1959) concluded that performance on 

observerpaced tasks had established the following relation 

very clearly : in unpaced tasks decline of performance was 

considerably less evident than that expected from data for 

similar paced conditions . Also, depending on the specific 

situation and particular method of evaluating the response 

latency of subjects, the decline at unpaced tasks may be 

no~li p' ible c r slow to appear (Jenkins, 1953 cited by Kappauf 

and Payne, 1959). The results of the present task agreed. 

Extraneous sounds could have an arousing or dis­

tracting ,l.ffect on performance ('lackworth, J . F., 1960). 

Broadbent (1963) in Buckner and McGrath (1963) suggested 

that extraneous sounds could either be too stimulating 

and could lcad to the increased tendency to respond to 

irrelevant stimuli or, if continuous, ~'the'1 'verc nnt " rc;u sing 

and/ . .. 
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and prevented sounds from providing a variety to the b2ck­

ground and so l ovler ing arousal. Mackworth, J. F. (196 9 ) 

agreed on the latter point. So did Bevan, Avant, and Lank­

ford (1 969) who found that a constant s ound above the level 

of the sounds of the test room had no effect upon detec-

tion probability in a visual monitoring task. How ever, 

adding variable sounds of the same aver age intensity 

r e liably enhanced performance. The present task used white 

noise t o mask any arousing or distracting sounds the appara­

tus might h ave provided. This was successful but it 

could n o t mask the sudden banging of doors and s ounds in 

the adjacent passages which could only have served t o 

arouse the subjects a nd allay decrement. Efforts were 

made to keep these sounds to a minimum but the only solu­

tion would have been to conduct the experiment in a sound­

proof room wh ich facilities did not provide. 

The purpose of the present study was not only to 

investigate whether decrement occurred but to suggest the 

use of such results: 

All results showed trends in the direction of per-

formanc e decline. It Has therefor e hypothesised that 

should the task have continued for a longer duratio n useful 

results might hav e occurred all r ound and not with the 

except ion of the average observed pereentage of false re­

ports. 

Decrement of performance while driving a motor 

vehicle o ccurs with long spells a t the vlheel. 

The/ ... 
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The embedded figures principle applies in visual target de-

tection in both driving and in the present task. It is 

thus possible that results of the present task could be 

used to construct similar tests with a subject in a simu­

lated driving situation over long task durations. These 

results could be adapted to ways of maint aining driver 

alertness, attention to the task, and of reminding drivers 

of the presence of the factor of performance decrement 

over time. Similar tests could possibly be construc t ed for 

other sensory rv.,dalit ics involved in motoring with the 

same objective in view. 

A further study might find differences between field 

dependent and independ ent persons on the present task and 

in simulated driving situations involving the embedded 

figures principle. 

Finally then, it can be sai d that the present 

study achieved what it had set out to do, name ly to investi­

gate the hypothesis that virilancQ . decrement occurs over 

time in the rec0~nition of eJ:1.bcddecl figures. 

The present study achieved this by demonstrating 

satisfactory performance data on the number of respons es, the 

average reaction time in seconds, the number of errors, and 

the percentage of missed signals. The only result not 

entirely satisfactory was for the percentage of false re­

ports which however did show a trend to\olards the expected 

direction. 
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APPENDIX 1 

DErAILED RESULTS OF WITKIN'S 

ITT 



The distribution of Tim e Scores and 

:-leans and Standard Deviations for ~"len and Harre n fr om 

Witkin (1950), Table 1, page 9. 

Total Time Scores Frequ e ncy 

''1 en (N = 51 ) I I'/omen ( N = 51) 

0 1 ' 59"' 1 I 0 "- I 2 ' OH_ 3 ' 59" 1 2 

4' 0"- 5 ' 59" 6 2 

6 ' 0"- 7 ' 59" 9 7 

8 ' 0 " - 9' 59" 5 I 1 

I 0' 0"-11' 59" 2 1 
I 

.. 2' 0" -13' 59 " 5 I 3 

r' 0"-15'59" 5 2 

6 ' 0 " -17'59 " 2 2 

8 ' 0 " -19'59 " 3 4 

120 ' 0"-21' 59" 2 5 

22' 0 " -23'59" 0 2 

? 4 ' 0"-25'59" 2 2 

26' 0"-27'59 " 2 3 

28' 0" ' -29' 59;: 1 0 

30' 0 " -31'59" 0 2 

32' 0"-33 '59 " 0 2 

34 ' 0"-35' 59 "' 0 1 

36' 0"-37 I 59 " 1 1 

38' 0"-39'59" 0 2 

0' 0 :: -41'59" 1 1 

42' 0 " -43'59" 0 1 

4' 0 " -45'59 " 0 0 

, 

Cont •.• 
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The distribution of Time Scores and '1eans and Standard 

Deviations in '1en and Women from Witkin (1950 , Table 1, Page 9) 

Total Time Scores 

46' 0" - 47' 59 ;' 

48' 0" - 49' 59" 

50' 0" - 51' 59" 

5 2' 0" 53' 59" 

54' 0" - 5 5 ' 5 9" 

56' 0" 5 7' 5 9" 

58' 0" - 5 9' 5 9" 

70' 0" - 71' 59" 

Mean 

,-{ 

Men (N = 51) 

0 

1 

0 

0 

1 

0 

1 

o 

15' 54 "' 

12' 48" 

229. 

Frequency 

Women ( N = 51) 

2 

0 

0 

0 

2 

0 

0 

1 

23' 18 " 

15' 12" 



Tria l 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

11 

12 

13 

14 

15 

16 

17 

18 
1 19 

120 

: 21 
! 

22 

23 

24 

r-
No. I 

I 
I 

I 

Results for Individual Compl e x Figures from 

Witkin (1950), Table 11 , page 1 0 . 

Fig ur e s 

A-I 
B-1 

C-l 

D-l 

E-l 

A-2 

F-l 

E-2 

C-2 

G-l 

A- 3 
H-l 

E-3 

C-3 

D-2 

G-2 

1\-4 

E-4 

B-2 .. 

C-4 

G-3 

E-5 
C-5 

:1 e n ( N = 51) 

~ can Solu-1 No. of 
! I . 

I , 

I 

tion time 
In sees 

62,8 

58,1 

71 , 7 

59 ,8 

54 , 9 

131,2 

12,6 

63,9 

36,7 

10, 7 

1 0 ,3 

81 ,9 

39 , 4 

51 ,2 

14 ,6 

27,0 

13 , 4 

2 8,1 

17 , 8 

1 0,7 

32,2 

23 , 6 

25 , 5 

18,1 

I , 

I 
I 
I , , 
! 

I 
I 

! 
I 
I 
; 
I 
I 

! 
I 

! 
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failures 

3 

2 

3 

2 

4 

10 

0 

3 

1 

0 

0 

2 

1 

3 

0 

0 

0 

0 

0 

0 

1 

o 
o 
o 

I 

I 

I 

I 
! 

-, 
I 

I·Tomen OT = 51 ) ! 
Mean sOlu-1 No. of 

t ion t i'll e I Failur es In sees. I 

1 29 , 9 

68,7 

99,8 

83 , 2 

71 , 0 

156 ,8 

18 ,3 

114 , 3 

66,7 

19 , 8 

23,0 

151,0 

4 8, 4 

4 6,2 

18,9 

41 , 1 

16,6 

48,4 

27 ,6 

17,5 

24 8 

23 ,9 

57 , 3 

23,4 

I 
I , 

I 

I 

I 

9 

3 

8 

4 

6 

11 

0 

11 

4 

0 

1 

14 

2 

2 

1 

2 

0 

4 

0 

1 

0 

o 
3 

2 

i 
I 
I 

I 
, 

! , 
I 
I 

i , 
I 
I 
I 
I 
i 
I 

i 
! 
! 
I 

I 
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APPENDIX 2 

DETAILED DESCRIPTION OF 

CIRCUITRY EMPLOYED 

USING THE BRS 300 AND THE 24VDC 

POWER SUPPLIES (FIG. 16) 



24 VDC was used thr oughout all the circuits with 

the exception of the inputs to change project or slides. 

The input mod ifier and reset unit, CX-I03, pro­

vided a method of connecting relays, microswitches, and 

other contact - operated devices into digital network. On 

the fr ont panel are input jacks f or the connection of either 

normally open (NO) or normally closed (NC) contacts. Op-

eration of the contacts caused the control output t o rise 

from a negative potential (-12V ) to ground (OV) f or the 

duration the contact was held operated. Besides this latter 

function, the input modifier and reset unit was used t o 

interface the response switches or the 3-minute c ount out 

in to the BRS 300 electronic system; 2 wires were fitted t o 

the NO contacts a nd as soon as these 2 wires were closed (by 

either the subject pressing one of the response switches, by 

the 3-minute count being completed, or by the experimenter) 

the circuit was completed and output rose from - 12V to OV 

to activate the CX-I03. The output at pin 5 of C"-103 acti-

vated 08-102 at pin 4 switching it from its stable to its 

unstable state. 

The basic One - Shot adjustable OS - 102 consists 

of a single input and output and is a monostable circuit. 

When the input vias switched from off t o on the OS-102 swi tch­

ed to its unstable state and was triggered into operation at 

its output for an adjustable time before returning to its 

stable state. This adjustable time was predetermined . The 

output at pin 2 was thus a positive pul se of selected width 

to RY-I04 to drive the Carousel Projector 1. 

In/ .•. 
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In addition, the invcrted output avai l able at pin 7 was 

us ed as a delayed positive pulse at the end of time t. 

This inverted output was the inverse of pin 2. 

thus used to start events at the end of time t 

It was 

That is 

it was an input to RY - 105 at pin 1 to initiate the 

vigilance time program by switching the 24 VDC Power Supply 

through to the 3 timers. The width or delay of the out-

put pulse was determined by the values of a fixed capacitor 

and front panel mounted potentiometer. An external capaci-

tor of 47 mf was used across pins 3 and 6. 

The RY - 104 relay w/drivers consists of 2 dry -

reed relays with transistor drivers. Each relay circuit 

provided one NO contact and was driven by OS - 102. The 

output relay contacts of RY - 104 were closed while the in-

put terminal was held at ground potential. Thus input 2 

from pin 2 of OS - 102 closed the NO contacts which allowed 

outputs 3 and 4 to operate the Carousel Project or 1 Hith a 

short pulse through the h e avy duty relay t o bring in the 

next slid e . This hea vy duty relay Has operated by the 

24VDC Power Supply. The transient suppression of inductive 

loads using a capacitor resist or network was necessary for 

reliable op eration . 

After the short pulse the inverted output at Pin 7 

of OS - 102 was used as an input into RY - 105 at pln 1. 

Th e output from RY - 105 pins 3 and 7 switched the 24 VDC Power 

Suppl y through t o -the timers t o o perate them. 

R.Y I . .. 
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RY - lOS (relay ,:,'driv ers)consists of 2 mercury wetted 

relays with transistorized drivers. Each relay circuit 

provided one Form C contact (normally open, common, 

normally closed). The RY - lOS may be driven from the 

output of flip - flops, one - shots, and similar logic 

unit s. The relay contacts will remain in their activated 

state as long as the input terminal is held at ground. 

A diode was used across all the timers to draw 

current off quickly to allow each of the 3 timer~ con­

densor time to discharge after they had timed out lS ,10, 

and 180 -seconds respectively, or till the subject's re­

sponse, and so start the next cycle. At the end of lS­

seconds the first t5mer' s NO contacts closed and the 

second timer was activated to time out 10-seconds. 

When the first timer began timing out lS-seconds 

the Carou sel Proj ector I' s light was switched on by the 

circuit via its Ne contacts. The no Contacts of 'the 

latching relay to this projector were closed because this 

relay was activated. At the end of lS-seconds the NO COII\-

tacts in the first timer closed and the first coil of the 

latching relay was no longer activated and so the light in 

the Carousel Projector I was switched off. The Carousel 

Projector II was now activated to flash a slide onto the 

screen for 10-seconds as timed out by the second timer. 

This was achieved by the NC contacts of the second timer op­

erating the second coil of the latching relay by Closing its 

Nf' contacts and so activating the DL'inkometer, DO - 101 

through/ ... 
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through input 3. This Drinkometer from output 6 activated 

a sccond One-Shot, OS - 102, through input 4. This pro­

vided an input from pin 2 of this OS - 102 into pin 2 of 

RY - 105. This in turn closed the NO contacts ,~hich allow-

ed the outputs 5 and 8 of RY - 105 to operate Carousel 

Projector II through a heavy duty relay to bring in the next 

slide. The Drinkometer was designed to be used as a Digi-

bit interface with standard drinking tubes such as the DT -

001 and DT - 002. When the low current path at the sensor 

is closed the DO - 101 converts the signal into a standard 

Digibit - type pulse which can be used for logical functions. 

The h i gh rate of operation e nsures the detection of every 

contact. The second timer, by operat ing the second coil 

of the l atching relay, also operated a form of delay timing 

out 3-seconds by closing its NO contacts. After this delay 

Carou sel Proj ector II I s light was swi tc hed on. 

After the second timer had timed out 10-seconds 

its KO contacts became close-d, and broke the current to the 

second coil of the latching relay and so switching off Pro­

jector II. Current was fed back into the first coil of the 

latching r elay through these closed NO contacts. This 

switched on the light of Carousel Project')r I for 3-minutes. 

The third timer, activated a t the same time, was set for 180 -

seconds; if no response was made within this time it initiated 

the resetting of the entire program at CX - 103. 
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Pins 1 and 2 from the third timer's NO contacts were 

connected across the response switches. If the subj ect 

closed one of these switches or if it was done automatically 

after 3-minutes, the NO contacts of this timer closed and 

activated CX-103 to start a new sequence of slides. 

There were 2 response switches, each with a double 

contact. These were called Switch 1 response to "Figure 

Yes" and Switch 2 response to "Figure No". There were also 

3 pens used on the Three-Pen Recorder: Pen 1 registered the 

change of each slide, Pen 2 registered response to "Figure 

Yes" and Pen 3 registered response to "Figure No". Switch 

1 was in parralled to the output of the third timer and, 

when depressed, reset the program as would timer 3 at the 

end of t ; it also supplied voltage to Pen 2 of the Three-

Pen Recorder. 'Then the program was reset the output 2 

of the first OS - 102 also operated RY - 105' s outputs 8 and 

5 through input 2 to switch voltage through to Pen 1. 

Switch 2 was also in parallel with the output of the third 

ti'ller and, Hhen depressed, also reset the program and supplied 

voltage to Pen 3. 
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APPENDIX 3 

DETAILED DESCRIPTION OF CIRCUITRY 

UIPLOYED U SING THE BR S 300 AND THE 

24VDC POWER SUPPLIES (FIG. 17) 



24 vue Iva s used throughout all the circuits with the 

exception of the inputs to change projector slides. 

The input modifier and reset unit, ex - 103, pro-

v ided a method of connect ing relays , microswitches, and other 

contact - operat ed devices into digita l network. On the front 

panel are input jacks for the c onnectio n of either normally 

open (NO) or normal l y c l osed ( Ne ) contacts. Operation of 

these contacts caused the control output to rise from a 

negativ e potential (-12V) t o r.;round (rW ) for the duration the 

contact viaS held opera ted. Besides this latt er function, the 

input modifier a nd r e s et unit was used to interfac e the re ­

sponse switches or the 3-minute count out into the BRS 300 

electr onic svstem: 2 wir es were fitted to the NO contact sand 

as soon as thes e 2 wires were closed (by e ither the subj ect 

pressing one of the response slvitches, by the 3-minute count 

bcing compl eted, or by the exp eriment er) the circuit lva S com­

pleted a nd output rose from - 12V t o Olf t o activa t e eX -103 . 

The output a t pin 5 of ex - 103 activat ed OS - 102 at pin 4 

switching it from its sta ble t o its unstable sta t e. 

The ba sic one - shot adjustab l e, OS - 102 , consists 

of a sing l e input and output and is a monostable circ uit . 

vllicn the input was switched f r om off to on the OS-102 switched 

t o its unstable sta t e and was trig£ered into operation at its 

out put f or an adjustable time, before returning t o its stable 

state. This adjustable t ime Vlas predet ermined. 

The/ ... 
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The output a t pin 2 wa s thus a po sitive pulse of selected 

width to t lvO RY - 10 5 relay w/driver's, to one at i nput 2 

and t o both at input 1 t o move on each Carousal S Projec t or 

vi".' outputs 7 and 3 of each RY-105. This was achieved 

thr ough eac h projector's heavy duty relay oper ated by one 2~ 

VDC Power Supply. The other output from pin 2 of 08-102 

was a positive pu lsc of selected width t o input 2 of one RY -

1 0 5 to slvitch , through outputs 8 and 5, the other 2~ VDe 

power supply throu gh t o 3 pens of a Th':,ce Pen ~ecorder. The 

inverted out put at p in 7 of 08 - 1 02 \-thich was the invcrse 

of the output at pin 2 was u sed as a del aycd positive i nput 

pulse a t t he end of time t t o in~ut 2 of the RY - 105 not 

operatin r; the 3 ptns . This initiated the vigilance t i me 

pr ogram thr ou~h outputs 8 a nd 5 by switching the 2~ VDC 

Power Supply opcrating the projectors' heavy duty relays 

thr ough t o 2 timcrs . 

RY - 105 r elay w/drivers consists of 2 mercury 

wetted relays with tr a nsistorizcd drivcrs. Each rclay cir-

cuit prov i ded one Form C c ontac t (normally open, common , 

normally closed). The RY - 105 may be driven from the out ­

put of flip-flops, one - shots and similar l ogic units. T he 

relay contacts will remain in their activat ed s t ate as long 

as t he input terminal is h e ld at 6r~und. 

A diode was used across a ll the timers to draH 

current off quickly to a llow the 2 timers' condensors time t o 

d isch=8e/ ... 
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discharge aftcr they had timcd out 10 and IBO-scconds re­

spectively, or till the sUbject's response, and so start the 

next sequence of slides. Thus at the end of lO ·-seconds 

the NO contacts of the first timer closed and the second 

timer was activated to time out 180-seconds. 

v7hen the first timer begiln timing out lO-seconds 

the Carousel Projectnr I's light WilS sHitched on by the 

circuit through its NO contact "'hich closed because the 

second coil of the latching relay Has activated. At the 

end of lO-seconds the NO contacts in the first timer closed, 

the second coil of the latching relay was no longer activa­

ted, and the NO contacts above this relay opened and so 

Carousel Projector I's light was switched off. The light 

of Carousel Projector II was now sl-7itched on for a maximum 

of 180 - seconds by the NC contacts of the second timer 

vJhich operated the first coil of the latchinr relay by 

closing NO contacts above it. After the second timer had 

timed out ISO-seconds or aft0..I' the subject had responded 

this timer's NO conta.cts closf!d. This switched ()ff the 

second projector's light as the first coil of the la.tching re­

lay was no longer act iva t ed and the NO contact s above it 

opened. This also initia.ted the next program at CX - 103 

by allowing the HC contacts ablwe the first coil of the 

latching relay to close. 
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Pins 1 and 2 from the tIC contacts above the NO c ontacts 

of thc first coil of the latching relay were connect ed 

across the response switches. If the subject closed one 

of these switches, or if it was done automatically after 

180 - seconds, these NC contacts above the no contacts of 

the first coil of the latching relay closed and activated 

the CX - 10 3 to . start the next sequence of slides. 

There were 2 respC'nse t ;,Jitches, each Hith a 

double contact. These Here called Switch 1 response to 

"Figure Yes" and Sl'Iitch 2 r e spo nse t o "Fio;ure TO". There 

were also 3 pens used on the Three - Pen Recorder. Pen 1 

registered change of each slide, Pen 2 reGistered response 

to "Figur8 Yes" and Pen 3 reg,istered response to " Figure 

NO" • Switch 1 was in parallel t o the output of the second 

timer and, when depressed , r e set the program as '"ould timer 

2 at the end of time t, it a lso supplied voltage to Pen 

2 of the Three - Pen Recorder. Icihen the program _-las re-

set the output 2 of OS - 102 operated one RY - lOS's out­

puts 8 and 5 through input 2 t o switch volta~e through t o 

Pen 1. Switch 2 Vias in parrallel Vlith the output of the 

second timer and, when depressed, also reset the program and 

supplied voltage to Pen 3. 
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APPENDIX 4 

ANALYSIS OF THE AVERAGE NU'1BER OF 

RESPONSES FOR 30 SUBJECTS 



l' = 

= 

= 

= 

= 

= 

= 

r-. ( e. x 381 ,30 ) 

C3050 , 40 

( 9) (32 6_, ° 7-1.) 

2 -; 
J/.~ ) I - -

L8 x 133 69,22 - ( 326,07 ) 2J 

JL1 G2 , nO - 81J ['-" 6953 76 .- 106321 , 64 J 

"'/ 
113,37 

21x632,12 

113,37 

113,37 

115 ,22 

0 ,9 839437 
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= 113,37 
21,00 

l- ye = b~ t + ( y t b~ ) 

= 5,40 x 0,25 + (40 , 76 - 1,13 x 5,51) 

= 1 ,3 5 + (40 , 76 - 6,23) 

= 1,35 + 34,53 

= 35,88 

2 • ye :0 b:Jt + ( y t h.:t . ) 

= 5,40 x 0,50 + (34 53) 

= 2,70 + 34 , 53 

= 37 , 23 
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3 . ue = b...,t + (li tb'l . ) 

= 5,40 x 0,75 + (34 ,5 3) 

= 4 ,0 5 + 34,53 

= 38 ,58 

4. ye = b~ t + ( 'J tl> 1 · ) 

= 5,40 x 1 + (34 , 53) 

= 5,40 + 34,53 

= 39 ,93 

5 . ye = h~t + ( y - t b~ . ) 

= 5,40 x 1,25 + (34 ,5 3 ) 

= 6,75 + 34,53 

= 41,2 8 

6. 'Ie = b '\ t + ( y - tb ) · ) 

= 5,40 x 1 , 50 + (34 53) 

= 8 " 10 + 34,53 

~ 42,103 

7. ye = ~t + ( y th 1 · ) 

= 5,40 x 1 ,75 + ( 34,53 ) 

= 9,45 + 34 , S3 

= 43,98 

8. ~'t. = b·jt + (Ii t b '! ) 

= 5, 40 x 2 + (34;53) 

= 10,80 + 34,53 

= 4 5 ,33 
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Standard error in t he es timate of y 

I~ 
2 

~ = s,\ 1 \ .. / 1 - l' 

where 

s'\ = 'S-' 2 -..:.y :;-2 
n 

= 13369 , 22 1661,38 
8 ----

= 1671,15 1661,38 

= 9,7 7 

E!; = s"l "/ 1 1" 2 

= 9 ,77 ,j 1 ( 0 , 9839437 ) 2 

= 9,77 ,""h (0,97) 

= 9,77 ,J 0,03 

= 9,77 x 0,1730 

= 1,66 
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Table 41 for Ey = 1 66 

robserve 

Results 

yo 

36,67 

37,93 

37,63 

39,53 

41,40 

42,57 

44,47 

45,83 

st l'nated Estimated Results ,- Estimated Res-ultSj 

"csults - ( ) 5l! +( ) Ey I 
-I----"t~e ---+-____ ~_. ---f-I ---------~ 

35,88 

37,23 

38 ,58 

39,93 

41 , 28 

42 ,63 

43,98 

45,33 

ye-l £)/ = 34,22 

~e- l[jf = 35,57 

'ie - lEy = 36,92 

ye-l Elf = 38,27 

1je-lPy = 39,62 

lie-lEly = 40,97 

ye --l/J1 = 42, .32 

!ie - lEy = 43,67 

ye + lEy= 37,54 

ye + lElj= 38,89 

ye +l Ey =40 ,2 4 

'Ie + 1 By = 41,59 

ye + 11'''= 42,94 

ye + lS,= 44)29 

tje + 1 fy= 45,64 

t,e + ltlj= 46,99 

._---!....._--- -_._-_ .-
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Frequencies 

Grades fo fOe (fo-fe lao-pe ) J (fo-fe P 

I 
fe 

l. 36,67 35 , 88 0,79 I 0,62 0,02 q , 
! , 

37,93 37,23 0,70 0,49 0,01 ':"i 

'l 37,63 38 , 58 0,95 0,90 0,02 

1 39,53 39,93 0,40 0,16 0,00 

H 41,40 1 41 , 28 0 , 12 0,01 0 ,00 

H 42,57 1 42 ,63 0,06 0 , 00 0,00 
, 

1~ 
, 

44 ,47 ,43 , 98 0,49 0,24 0,01 

2 45,83 i 45 , 33 0,50 0,25 0,01 

-.-..• -l I TOTAL x2 0 ,07 , 

I 

(~. f. = n - 1 

= 8 1 

= 7 
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APPENDIX 5 

ANALYSIS OF TEE AVERAGE REACTION TNE 

IN SECONDS FOR 30 SUBJECTS 



1" = 

= 

= 

= 

= 

,... ., 
r \. n I ,t ·U· 
,_ . -.' ~ . 1-

I"f n ,~, t ,2 -
I'VL.. L':. 

" ir ( · · t,)2 · n 
u ". _~L 

( 8 x 212 , 56 ) 

\J700 , 4 8 1777,23 J 
81.iC39307,68 

-7 6,75 

,J 21 x 325 , 13 
-. 

-76 , 75 

J 682 7 , 73 

= 7 6, 75 

82,63 

= 0 , 9274924 

257. 
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b" = 
\-... A '; 
(B -j 
i' ".-. 

= ~ nlltiYi 

[ 
-, 2 n L" 

t . 
1-

= - -.J6 , 75 
21 

= 3,65 

l. y~= b'lt + (lj t b 'j ) 

= 3,65 x 0,25 + ( 24,68 - Cl , 13 x .. 3 65» 

r ., 
= - 0,91 + '....24,68 (14 ,1 2) J 

= - 0,91 + 28 , 80 

= 27,89 

2 • 'f e= b .~t + ( 
,-

tb ~ ) 1/ 

= - 3,65 x 0 , 50 + 28 ., RO 

= 1 ,8 3 + 2 8 ,80 

= 26,97 
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3.ue = b",t + ( ?J t 0'1 ) 

= 3,65 x 0 , 75 + 28,80 

= 2 74 + 28,80 

= 21',06 

4. 'Ie = b"lt + ( 
- t Ii 0'1 ) 

= -- 3 , 65 x 1 + 28 . R0 

= 3,65 + 28,80 

= 25,15 

5.ye =hv,t + (y 

= - 3,65 x l , 2 5 + 28,80 

= 4,56 + 28,80 

= 24,24 
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6 • ye = b"t + ( tf - t b., ) 

= 3,65 x 1,50 + 28 .. 80 

= 5 , 1+8 + 28 , 80 

= 23,32 

7 . tfe = b ·, t + ( y .- t b. ) 

= 3,65 x 1 , 75 + 28 80 

= 6 39 + 28,80 

= 22,1+1 

8 • ye = b .., t + ( y Hi ) 

= 3,65 x 2 + 28,80 

= 7,30 + 28,80 

= 21,50 
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Standard error in the estimat e y 

.--------
/ 

1'2 Ey = s, 
"",.' 1 

where 

s') = 
~. 2 
-" li. ?j2 

n 

= 4913 24 6 609 ,10 
8 

= 614 ,18 609,10 

= 5,08 

Sy = 8~ " /1 1'2 

= 5,08 "/1 ( - 0 , 92 749 2 4 )2 

= 5,08 "vI 0,86 

= 5,08 oJO , 14 

= 5,08 x 0,37 

= 1,90 
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Tabl e 42 for By = 1 ,90 

, 
Observed Estimated Estimated Results Estimate d Results 

Results Results 
- ( ) By ( ) By yo ye - + 

27 , 11 27,89 -
1 4' =25 ,98 ye+ 14'= 29,79 ye-

26 , 39 26,97 -ye - 14' =2 5 ,07 ye+ 1 4'= 28,87 

26,67 26,06 -ye- 1 Sy =24 ,16 ye+1 By = 27,96 

26,68 25,15 -ye - 14' =2 3,25 ye+ 1 4'= 27,05 

24 ,2 4 24,24 - l EY =23,34 ye+ 1 ttl = 26,14 ye-

23,36 23 , 32 -ye - 1.'y =21,42 ye+1 ttI= 25,22 

21,92 22 , 41 - 1 By =2 0,51 ye+l 4'= 24,31 ye -

21,10 21,50 -ye - 1 By =1 9,60 ye+1 ttI = 23,40 

, , 
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.:: [ __ { f_o ___ f_e_)_2 

fe 

Frequenci es 

,I 
frO-fe ) 

Grades fa fe (fo-fe ) (fa _[e)2 

) fe 

~ 
27,11 27,89 - 0,78 0 ,61 p,02 

~ 26,39 26; 97 - 0,58 0,3 ll p ,Ol 
I 

~ 26,67 26,06 0,61 0,37 t ,Ol '+ 

1 26,68 25,15 1,53 2,34 ,09 
! 

1~ 24,24 24,24 0,00 0,00 0 ,00 

~,oo 1~ 23,36 23,32 0,04 0,00 

1~ 21,92 22 ,41 0,49 0,24 6,01 

f,Ol 2 21,10 21,50 0,40 0 ,26 

, 

TOTAL 2 0, 15 X 
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APPENDIX 6 

ANALYSIS OF THE AVERAGE NUMBER OF 

ERRORS FOR 30 SUBJECTS 



= ( 8 x 78,86 - (9) (69,43) ] 

ric 8x12, 75 - (9)2J[8 x 612,94 - (69,43)2J 

= [630,88 624,87 1 
/\.Ilt02,00 - 81J [4903,52 - 4820,52"] 

= 6,01 

...)21 x 83 

= 6,01 

,J 1743 

= 6,01 

47,75 

= 0,1439520 
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b l = C ~j 

CBJ 
[ ,', .r,''' 

( " . 1 = n I.J tiYi ( J . ) L"Yi ) .. t1' ..J 

L L t ,2 (" t ' ) 2 J n -z. I.., -z. 

= 6, 01 

21 

= 0 , 29 

1. ye = b~t + ( - t b~ 
. ) 

Y 

= 0,29 x 0,25 + (8,68 - 1,13 x 0, 29 ) 

= 0,07 + 8,35 

= 8,42 

2. ye = b .,t + (ij tb V, 
. ) 

= 0,29 x 0 ,50 + ( 8,35) 

: 0 ,15 + 8,35 

= 8,50 
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3 . ye = b~ t + ( y n~ ) 

= 0 ,29 x 0,75 + (8,35) 

= 0,22 + 8,35 

= 8,57 

4. ye = b, t + ( y - t; b ~ ) 

= 0 ,29 x 1 + 8,35 

= 0,29 + 8,35 

= 8,64 

5 . ye = b"t + (y tb'l . ) 

= 0 ,29 x 1,25 + 8,3 5 

= 0 ,36 + 8,35 

= 8,71 
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6 • ye = b"l t + (-y tb 'j ) 

= 0,29 x 1,50 + 8 , 35 

= 0,44 + 8 ,35 

= 8 ,7 9 

7. ye 

= 0,29 x 1,75 + 8,35 

= 0,5 1 + 8 ,35 

= 8,86 

8. ye = bit + ( - tb"l· ) y 

= 0 ,29 x 2 + 8 ,35 

= 0 ,5 8 + 8,35 

= 8 , 93 
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Standard error in the estimat e of 'I : 

By = 8 

'" "~I 1 - ]'2 

where 

'.--' 
1/.

2 -2 , 
s~ = .w y 

n 

= 612,94 75,34 
8 

= 76,62 75,34 

= 1,28 

EM = So /'j 1 ]'2 

= 1,28 '/ 1 (0,143952 0 )2 

= 1,28 /\/ 1 0,02 

= 1,28 "'/0,97994 

= 1,28 x 0,98 

= 1,27 
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Table 43 for SiJ = 1 ,27 

i 
, 

, Observ ed Estimated Estimated Results Estimat ed Results 

Resu l ts Resul t s - ( ) 8; + ( ) Sy 
- -yo ye 

10,60 8 ,42 -
2 By 5,88 - 2Sy 10,96 ye - = ye + = 

- -8 , 00 8 , 50 tIe ,. 1 8, = 7,23 ye + 1 Elf = 9 ,77 

7,60 8 ,57 - l ey 7,30 -
lt1; 9,8 4 ye - = ye + = 

7, 63 8,64 -ye - lSy = 7,37 -ye + l ty = 9,9 1 

7, 93 8,71 -ye - 1 .'11 = 7 ,44 -ye + lty = 9,98 

8,00 8, 79 I 
-ye - lEU = 7,52 -ye + l ty = 10,06 

9,47 8,86 - 1 .'1/ 7,59 -
1 .'1/ 1 0 ,1 3 ye .- = ye + = 

- -10,20 8 , 93 1 .9; 7,66 lty 10,20 y e - = ye + ' = 
i I , 
I i i 
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Grades fo 

l; 10 ,60 

~ 8,00 

~ 7,60 

1 7,63 

l¢ 7,93 

1~ 8,00 

1~ 9,1+7 

2 10,20 

TOTAL 

(f 0 - f e )2 

fe 

I 
I 

Frequencies 

fe 

J 
(fo - fe) ir.ro . ;2 - I e 

I 

8 ,1+2 

8,50 

8,57 

8 ,61+ 

8,71 

I 8,79 I 
I 

8,86 

8,93 

: 

2,18 

- 0,50 

- 0,97 

- 1,01 

- 0,78 , , 
- 0,79 I 

0,51 

1,27 

d. f. = n - 1 

= 8 - 1 

= 7 
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1+,75 

0,25 

0,91+ 

1,01 

0,61 

0,62 

0,37 

1,61 

X2 

( "'0 - f e ;2 
fe 

I 
0,56 

0,03 

0,11 

0,12 

0,07 

I 0,07 

I 0,01+ 
I 

I 
0,18 

! 

1,;1.8 



APPENDIX 7 

ANALYSIS OF THE AVERAGE PERCENTAGE 

OF FALSE REPORTS FOR 30 SUBJECTS 



= 
--

f't· 2 -_, 'Z-

( L ti ) ( r:; Yi! J 
(Bti/i(n ~ Y:~( B Yi-pJ 

= [ 8 x 135.97 x (9) (155,21):) 

~(8 x 12,75 - (9)2J(8 x 2024,10 - (l55,21)2l 

= .L 1087,76 1036,89 J 
rv\02,OO - 811 '_16192,80 - 13273,34J 

= 50,87 

= 50,87 

V61308,66 

= 50,87 

247,60 

= 0,2054523 
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by .- "I = '- A --
C B] 
~ 

en LtiYi. ( 
.,-. . 

) ( " Y' ) = L .. ti L ... t. ~ 

to/[n 
• ,I t . 2 ( " . J2 J ; , t i J'-_' '!- - ' 

= 50,87 

21 

= 2,42 

= 2,42 x 0 ,25 + (14, 40 - 1,13 x 2,42) 

= 0 , 61 + (14,40 2,73) 

= 0,61 + 11,67 

= 12,28 

2.ye = ~t + (y 

= 2 , 42 x 0,50 + 11,67 

= 1,21 + 11,67 

= 12,88 
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3 • ye = be,t + (y tb':i ) 

= 2,42 x 0 ,75 + 11,67 

= 1,82 + 11,67 

= 13,49 

4 . ye = b. t + ( y t b 'j ' ) 
.J 

= 2,42 x 1 + 11,67 

= 2,42 + 11,67 

= 14,09 

5. ye = b ,:,t + (y tb'1 . ) 

= 2,42 x 1,25 + 11,67 

= 3,03 + 11,67 

= 14,70 
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6. ye = b""\ t + ( y tb'1 ) 

= 2,42 x 1,50 + 11,67 

= 3,63 + 11,67 

= 15,30 

7. ye = b"!.t + (y tb •• " ) 

= 2,42 x 1,75 + 11,67 

= 4,24 + 11,67 

= 15,91 

8. ye = b",t + (y 

= 2,42 x 2 + 11,67 

= 4,84 + 11 , 67 

= 16,51 
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Standard error in the estimate of y 

where 

= Ey2 -2 
8'-j Y 

n 

= 2024 110 207,36 

8 

= 253,01 20 7,36 

= 45,65 

ty = s~ rj1 - l' 2 

= 45,65 "/1 (0,2054523)2 

= 45,65 J1 - 0,0420 

= 45,65 "')0,91979 

= 45,65 x 0,98 

= 44,74 
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Table 1I11 f or fY = 1I4,74 

Observed Estimated I Estimated Results Estimated Results I 

Results Results - ( ) fY + ( ) fY 
- - I 
yo ye 

I 
i 
I 

25,01 12,28 I - 1fY = -32 ,46 - +1 fY 57 02 ye - ye = , 
1I,19 12,88 -ye - 1fY = _31,86 -ye +1 fY = 57,62 

3,611 13,1I9 -ye - 1fY =-31,25 -ye +lfY = 58,23 

15 , 58 14,00 -ye - 1fY =-30,711 -ye + 1ty = 58,74 

16,01l 14,70 -ye - 1ty = -30,04 -ye + 1ty = 59,1I4 

14,90 15,30 - 1ty = -29 ,411 - + 1 ty 50,01l ye - ye = 
19,18 15 , 91 - Ity = -28,83 ! ye + 1 ty 60,65 

I 
ye - = 

I -16,67 16,51 ye - 1ty = -28,23 I ye + 1ty = 51,25 

I 
! 

I I 
I 
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X2 = \' ( fo fe · ) 2 L, '--2.":::'--~:;;"'-f~e--

Frequencies ; , , 
I 

I 

, I . • , 
I i i I 

I ' I , 
i(fo-fe )2 ' (fo-fe )2 Grades' fo , fe l(fo -fe ) 

I ~ 
I . ----, 

; I fe , I j , 

! 
, I 

I 
I 

~ 12,28 12,73 
I 

162,05 13,20 25,01 I , , 
4,19 12,88 -8,69 75,52 5,86 " I 

I 
I 

~ I 3,64 13,49 -9,85 97,02 7,19 4 

I I 

1 15,58 j14,00 
, 

1,49 2,22 I 0,16 

I I ! 
1~ 16,04 :14,70 1,34 1,80 I 0,12 

I I 

1~ 14,90 !15,30 -0,40 0,16 I 0,01 
I 

la i 19,18 i15,91 3,27 10,69 0,67 

I ! 
I I 

0,03 2 i 16,67 '16,51 0,16 0,00 I 
I ! 

I 
, 

I I 

I TOTAL X 2 27,21 

I 

d·f· = n - 1 

= 8 1 

= 7 
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APPENDIX 8 

ANALYSIS OF THE AVERAGE PERCENTAGE 

OF MISSED SIGNALS FOR 30 SUBJECTS 



r ([.ti) (LYi)] 

( ,_;ti )~l! n ,[, Y/ - ( ,[,Yi y2 J 

= 
( 

8 x 437,05 (9) (387 ,43 ) J 
II ~X12, 75 (9)2 J [8 x 19071,39 - (387,43)2J 

[3496,40 3486,87J 
~==~====:2==========. 

vfi-02,00 - 81 ] [152571,12 

= 

150102,00J 

= 9 ~ 53 

~ 21 X";469,12 

= 9,53 

IV 51851,52 

= 9,53 

227,71 

= 0,0418514 
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h'i = [A -) 
[B) 

[ n LJ t i 1i.i " L'lii ) ] ( L.Jt~: , ( 

[ \' t .2 (~)i)2 J Ii Lt '!-

= 9 ,53 

21 

= 0,45 

1- ye = b':)t + (y tb-i ) 

= 0, 45 x 0,25 + (48,43 - 1,13 x 0,4 5) 

= 0 ,11 + (4 8, 4 3 1,13 x 0 ,45) 

= 0 ,11 + (48,43 0 ,51) 

= 0 ,11 + 47,92 

= 48, 03 

2. b'!lt ( - tblij' ) ye = + y 

= 0,45 x 0 ,50 + 47,92 

= 0,23 + 47,92 

= 4 8, 15 
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3 • ye :: b'jt + ( y tb'd ) 

:: 0,45 x 0,75 + 47,92 

:: 0,34 + 47,92 

:: 48,26 

4. :: b':jt + ( - tb'j ) yrl __ 
Y 

= 0,45 x 1 + 47,92 

= 0,45 + 47 ,92 

= 48,37 

5.ye bjt ( - tb,} ) :: + y 

:: 0,45 x 1,25 + 47 ,92 

:: (l,S6 + 47,92 

:: 48,48 
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6. hv.t ( - tb'} ) ye = + y 

= 0, 45 x 1,50 + 47 ,92 

= 0 ,68 + 47 ,92 

= 48,60 

7. ye = bi t + ( y tb'j ) 

= 0,45 x 1,75 + 47, 92 

= 0 ,7 9 + 47 ,92 

= 48,71 

8. ye = b ... / + ( y tb') ) 

= 0,45 x 2 + 47,92 

= 0 ,90 + 47,92 

= 48,82 

284. 



Standard err or in the est imat e of 

= s':I ~1 1'2 

where r 
2 -2 61 = Y Y 

n 

= 19071,39 2345,46 

8 

= 2383,92 2345,46 

= 38,46 

Sy :: s'j ~ 1 2 
1" 

= 38,46 ,J1 (0,rl418514)2 

= 38,46 ~1 0 ,00 174 

= 38,46 '-/ 0 ,99826 

= 38,46 x 0,32 

= 12,31 

285. 



Table 45 for 8j = 12,31 

I ! 
I Observed Estimated Estimated Results I Estimated Results 

Result s Results ( ) 8J + ( ) fY 
r -
I yo ye 

55,70 48, 03 ye 1fY =35,72 ye +1 fY = 60,34 

46,44 48,15 ye - 1fY = 3 5,84 ye +1 fY = 60,46 

51,05 48,26 ye - 1.sy =35, 95 ye +1 8j = 60,57 

41,31 48,37 ye - 18j =36 ,06 ye + 1.5!J = 60,68 

40,43 48,4 8 ye -1 8j =36 ,17 ye +18j = 60,79 

47,86 48,60 ye - 18j =36 ,29 ye +1 fY = 60,91 

45,26 48,71 ye -lSy =36,40 ye +151,-1 = 61,02 

59,38 48,82 ye - 18J =36,51 ye +1 fY = 61,13 J 
I 
! 
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= " (fa L. 
f e ) 2 

fe 

Fr eq u enc i e s 

I 

I 

I I I i Gr ades fa I fe ( f o-fe ) { fo- f e )2 { f a-F e P 
I f e 

, 
55,70 48 ,0 3 7 ,69 5 9 ,14 1,23 !j 

I , 
0 , 0 6 :; 46,44 48 ,15 -1,71 I 2 , 92 

l! 51,05 48,26 2,79 7 , 78 1,16 1·1 

, 
1 41,31 48,37 -7,0 6 I 49, 84 1,0 3 

11; 40,43 4 8 ,4 8 -8,0 5 64-, 80 1, 34 

1~ 47,86 48,60 -0 ,74 0, 55 0 ,01 

U 45,26 48, 71 -3,45 

I 
11 ,90 I 0, 24 

I 2 I 59 , 38 ! 48 , 82 10 ,56 111 , 51 2,2 8 I 

L-T_O_T_A_L ____________________________________ X_2 ________ 6_,3_5 __ -lI · 
d.f. = n - 1 

= 8 1 

= 7 
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APPENDJX 9 

ORDER AND DIAGRAMS OF GEOMETRIC 

FIGURES 



Table 46 Order of Slide Presentatio n 

Slid e Number Slide I i Slide Number Slide 
I , 

Praet ice 1 Pl , P, Pl Test 23 Cla , C, Cla 
:J 2 Pla,P, Pla " 24 lEla, E , Ela 

I " 25 Flf, F, Flf 

Test 1 Fle, F , Fle 

I 
" 26 D2e, D, D2e 

Test 2 D 2a ,D, D2a i i 27 A2, A, A 2 
T est 3 A 4 , A, A4 " 28 82b, G , G2B 
T e st 4 Gla ,G , Gla i: 29 Bl, B Bl 

I 
, 

Test 5 B2, B, B2 " 30 Hl , H, Hl 
T e st 6 Hla ,H, Hla " 31 C3a, C, C3a 
Te st 7 I C4a,C. ,C 4a I :r 3 2 E4a, E , E4a 
Test 8 I E3a , E " E3a ! .. 33 Fl, F , Fl 
T e st 9 Fld, F,Fld I 11 34 Dla, D, rna 
T est 10 D2, D, D2 i " 35 A 3~ A, A3 
Test 11 Ala~A, Ala " 36 G2a, G , G2a 
Test 12 I 83, G, G3 I If 37 B2e, B, B2c 
Test 1 3 Ble, B, Blc, " 38 H2a, H, H2a I 
T est 14 Hlb ,E, Hl b I " 39 C2 , C, C2 
Test 15 C 5, C, C5 ! 

., 40 £5, E, E5 
Test 16 E2a,E, EZa ij 41 Fla, F, Fla i 
T est 17 Fli ,F , Fli " 42 D2b, D, D2b , 
Test 18 ! Dl b ,D , Dlb ;; 43 A5a, A'J A5a 
Test 19 

I 
;\ 5, 1\., AS " 44 I Gle, G, Glc 

T e st 20 Glb ,G, Gl b ;. 45 B2a, B, B2a 
T est 21 I Bld , B, Bld 

I ! " 46 I H5a , B, H5a 
~est 22 H4a ,II , H4a :1 47 !C 4, C , C4 ! II I 
I ! i ~ 

Cont .. . 
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Tabl e 46 Order of slide pr e sentation 

i ' I Slide N~~~:J Slide Number Slide 

Te st 48 E5a, E , E5a T e st 6 5 ' Flb ,F , FI b 

" 49 Flh ,F , Flh " 66 D2d ,D,D2d 

" 50 Dl e , D, DI e :; 67 A2a, A, A2a 
:i 51 A4a ,A , A4a " 68 Gl , G ,Gl 

" 52 G 2 , G, G2 11 6 9 Bl b , D, Bl b 
" 53 B2b, B, B2b 70 HI e , I-I , Hle 
" 54 Hld ,H, Hld " 71 C2a , C,C2a 
" 55 C3, C, C3 " 72 E4, E , E4 ;, 

56 E2 , E, E2 I " 73 Flc , F ,Fl c 
" 57 " 74 Flg ,F , Flg 

I! 
Dl , D ,D l 

" 58 Dld,D, Dld " 75 A3a,A ,;\3a 
" 59 Al, A, Al ' i " 76 G3b ,G ,G3 b 

" 60 G3a ,G , G3a I H 77 Bl a,B , Bl a 
, 
I 

" 61 B2d , B, B2d i " 78 H6a , H, H6a , 
" 62 H3a, H, H3a I I ~ 79 C5a , C,C5a 
" 63 Cl , C, Cl I " 80 E3, E,E3 
j , 64 i El , E, El I 

I , 
I ; I 
l 
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Table 47 Order of Slide Presentation 

I ""'0 Numbe" Slide Slide Number Slide 
-

1 Praet icc 1 P, PI Test 24 F ,Fla 

" 2 P. PIa iI 25 A, Al 

Test 1 D, D2b II " 26 
I F , F2e I .. 2 B, B2 ' I iI 27 I D,D6a 

, I I I! 28 ; D ,DIOa :J 3 A, Alc " 
, 

I I , 
II 4 E, Elc :J 29 I C,C3b 

30 I 
E,E4a " " 

, 
5 H, Hla 

31 
; 

F,Flh i1 6 C, C4a " I 

" 7 E, E5b " 32 I E,E3a 

" 8 B, B7a II 33 I G,G2d 
34 I C,C4b " 9 E, E4b iI I I 35 G,G2e " 10 D, Dla I " 

" 11 D, D8a " 
36 G ,G3d 

11 12 H, H3a I " 37 F ,F3a 

" 13 C, C2b " 38 C,Cla 

" 14 F , . 'Fld 11 39 B, B8a 

" 15 C, C4 I! ii 40 H,Hlf , 

" 16 G, G2b II " tn 

I 
C ,C4c 

ti 
I I 42 D,D4b 17 B, B6a : I " 

I " 18 A, 1,3 :1 43 H,El 

! " 19 H, HIe " 44 B,Bld 
I 

I 11 20 G , G3e II 45 I c,e 5 
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